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PREFACE 


1  HI;  laboratory  course  in  neurology  which  is  here  outlined 
M-uwn  up  in  the  University  of  Chicago  dm:  past 

twenty  years.  Many  teachers  have  participated  in  this  work 
and  all  of  these  have  contributed  something  of  value  to 
procedure  now  in  use.  Acknowledgments  cannot  be  made 
here  to  all  from  whom  valuable  help  has  been  received;  but 
especial  mention  should  be  made  of  the  initial  program  laid  out 
in  1900  by  Doctors  Barker  and  Kyes  when  they  were  suddenly 
confronted  with  the  problem  of  teaching  the  anatomy  of  the 
brain  to  a  very  large  class  of  medical  students  with  practically 
no  equipment  and  a  very  limited  amount  of  anatomical  material 
(see  the  paper  by  Barker  and  Kyes  cited  in  the  appended  1 
liography).  The  large  measure  of  success  which  they  attained 
should  encourage  other  teachers  whose  laboratory  equipment  is 
inadequate. 

Later  Doctors  Donaldson  and  Hardesty  elaborated  this 
course,  and  when  the  direction  of  the  work  was  assumed  by 
senior  author  in  1907  he  received  valuable  assistance  from  Doc- 
tor Elizabeth  H.  Dunn  in  reorganizing  the  course  into  the  form 
out  of  which  the  present  Outline  has  grown.  Professor  G.  \V. 
Bartelmez  has  also  contributed  freely  from  his  own  extensive 
experience.  In  the  year  1915  the  Outline  was  thoroughly 
revised  and  privately  printed  by  the  authors.  In  the  present 
work  it  has  been  again  revised  and  recast  in  more  general  form, 
which  it  is  hoped  may  be  found  more  widely  useful. 

The  fundamental  purpose  of  the  procedure  here  outlined  is  to 
assist  the  student  as  early  in  his  course  as  possible  to  formulate 
his  knowledge  of  the  nervous  system  in  terms  of  the  functional 
siiinitu ance  of  the  parts.  Free  use  has  been  made  of  the  methods 
of  functional  analysis  of  the  central  nervous  system  which  have 
been  developed,  chiefly  in  American  laboratories,  under  the 
stimulating  guidance  of  researches  upon  the  functional  com- 
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position  of  the  peripheral  nerves;  and  the  experience  in  this 
and  numerous  other  laboratories  has  demonstrated  that  a 
thoroughgoing  application  of  these  methods  is  of  the  utmost 
value  to  the  beginning  student  (cf.  Johnston,  '06  and  '08). 
In  the  senior  author's  Introduction  to  Neurology  ('15)  the  ma- 
terials of  neurology  are  organized  from  this  standpoint  as  an  aid 
in  the  use  of  the  larger  text-books  and  atlases. 

The  course  in  neurology  here  outlined  can  be  covered  by  an 
undergraduate  class  of  properly  prepared  students  in  about 
one-half  of  a  school  year,  devoting  one  or  two  hours  each  week 
to  lecture  and  recitation  and  from  six  to  eight  hours  to  the  labor- 
atory. Since,  however,  many  colleges  cannot  devote  as  much 
time  as  this  to  the  nervous  system,  the  Outline  has  been  so 
arranged  that  a  selection  can  be  made  of  those  topics  for  which 
time  and  materials  are  provided.  Students  of  zoology  and 
vertebrate  comparative  anatomy  will  naturally  devote  more 
time  to  the  earlier  parts  of  the  Outline  (sections  3  to  60)  and 
may  omit  all  of  the  work  on  the  microscopic  structure  of  the 
mammalian  nervous  system. 

For  several  years  past  there  has  been  offered  at  the  University 
of  Chicago  a  twelve-weeks  course  in  neurology  primarily  for 
students  of  psychology  and  education  with  meager  biological 
preparation.  These  students  make  a  rather  thorough  dissection 
of  the  nervous  system  of  the  dogfish,  thus  making  up  in  some 
measure  their  deficiencies  in  knowledge  of  general  vertebrate 
anatomy.  This  is  followed  by  dissection  of  the  brain  of  the 
sheep,  with  special  reference  to  some  of  the  more  important 
conduction  pathways  and  functional  centers,  such  as  the  audi- 
tory, optic  and  olfactory  tracts,  pyramidal  tract,  cortical  local- 
ization, etc.  Gross  human  material  is  freely  used  for  demon- 
stration. Microscopic  sections  are  studied,  illustrating  the 
nervous  elements,  structure  of  the  sense  organs,  spinal  cord, 
cerebral  and  cerebellar  cortex,  and  if  time  permits  a  few  of  the 
conduction  pathways  within  the  brain  stem. 

The  course  in  neurology  for  medical  students  at  the  University 
of  Chicago  follows  the  general  histology  and  a  part,  at  least,  of 
the  gross  anatomy,  and  it  is,  in  turn,  followed  by  a  laboratory 
course  on  the  physiology  of  the  nervous  system.  In  this 
course,  which  occupies  twelve  weeks,  the  students  do  most  of 
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the  work  here  outlined  for  the  dissection  of  the  dogfish  head 
and  sheep  and  human  brains  and  for  the  study  of  the  micro- 
scopic sections  as  directed,  the  sections  being  supplied  from  the 
departmental  loan  collection.  The  "optional  dissection* 
the  human  brain  (sections  102  to  111,  141  to  152)  are  omitted, 
or  are  done  by  some  students  in  extra  time  or  in  a  more  ad- 
vanced course. 

THE  AUTHORS. 

CHICAGO,  ILL., 
January,  1918. 
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LABORATORY  OUTLINE  OF  NEUROLOGY 


I.  LIST   OF   RECOMMENDED   COURSES 

THE  materials  of  this  Outline  have  been  so  ananm-d  that  the 
student  may  select  any  one  of  several  methods  of  procedure. 
depending  upon  the  purposes  of  the  study  and  the  time  and 
material  at  command.  The  following  courses  are  suggested. 

COURSE  I.  Comparative  anatomy  of  the  vertebrate  nervous 
system.  Gross  anatomy. — Begin  with  the  dissection  of  the 
dogfish  (sections  1  to  29).  Other  inframammalian  types  may 
be  dissected  according  to  the  same  general  plan.  Johnston's 
Nervous  System  of  Vertebrates  ('06)  should  be  read  as  a  guide 
in  these  studies;  also  the  comparative  anatomies  of  Kinglsey 
('12),  Wiedersheim  ('07),  and  others.  For  the  mammalian 
nervous  system  follow  the  procedure  outlined  beyond  for  the 
sheep  (sections  30  to  59,  69  to  72,  81,  93,  95,  96(a),  100,  112  to 
117,  119  to  139).  Other  mammalian  brains  may  be  dissected 
in  the  same  way. 

COURSE  II.  Comparative  anatomy  of  the  vertebrate  nervous 
system.  Microscopic  anatomy. — After  the  completion  of  the 
gross  study  of  one  or  more  vertebrate  types  as  directed  in  the 
preceding  paragraph,  the  microscopic  study  of  the  same  types 
may  be  taken  up.  Directions  for  the  microscopic  study  of 
brains  of  Ichthyopsida  and  Sauropsida  are  not  included  in  this 
Outline,  and  indeed  this  study  is  tedious  and  rather  difficult 
for  the  beginner  except  under  skilled  personal  direction.  Sug- 
gestions for  microscopic  studies  of  these  types  are  given  in 
Johnston's  book  ('06).  For  the  microscopic  study  of  the  brains 
of  the  rabbit  and  cat  the  atlases  of  Winkler  and  Potter  ('11  and 
'14)  are  invaluable. 

COURSE  III.  Gross  anatomy  of  the  mammalian  brain.  Short 
course. — For  a  short  course,  follow  the  procedure  directed  for 
Course  I,  omitting  the  dogfish  dissection.  Use  the  brain  of  the 
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sheep,  beef,  dog,  or  cat  as  directed  in  sections  30  to  59,  69  to  72, 
81,  93,  95,  96(a),  100,  112  to  117,  119  to  139. 

COURSE  IV.  Gross  anatomy  of  the  mammalian  brain.  Longer 
course. — For  a  longer  course,  after  the  completion  of  Course  III, 
additional  vertebrate  types  may  be  used,  and  the  human  brain 
may  be  thoroughly  dissected  as  directed  in  sections  102  to  111, 
141  to  152. 

COURSE  V.  Gross  anatomy  of  the  human  brain. — Follow 
through  on  the  human  brain  the  directions  given  for  the  brain 
of  the  sheep  in  sections  30  to  59,  69  to  72,  81,  93,  95,  96(a),  100, 
112  to  117,  119  to  139.  For  a  more  extensive  course,  add  on  a 
second  specimen  the  "optional  dissections,"  sections  102  to  111, 
141  to  152. 

COURSE  VI.  Gross  and  microscopic  anatomy  of  the  human 
brain. — If  it  is  desired  to  make  a  thorough  study  of  the  human 
brain  only,  follow  the  directions  given  in  sections  30  to  153, 
with  or  without  the  "optional  dissections"  (sections  102  to  111, 
141  to  152),  using  human  material  throughout. 

COURSE  VII.  The  course  for  medical  students  at  the  Univer- 
sity of  Chicago  follows  the  Outline  substantially  as  given  in 
the  following  pages,  omitting  all  of  the  "optional  dissections" 
(sections  102  to  111,  141  to  152)  and  a  few  other  sections,  the 
details  varying  somewhat  from  year  to  year. 


H.  GENERAL  LABORATORY  DIRECTIONS 

1.  The  laboratory  course  here  outlined  includes  the  dissec- 
tion of  the  nervous  systems  of  several  vertebrate  types,  includ- 
ing man,  and  the  microscopic  study  of  selected  portions  of 
the  human  brain  and  sense  organs.     If  microscopic  prepara- 
tions of  the  human  nervous  system  are  not  available,  those 
from  other  mammals  will  answer  very  well  for  most  purposes. 
Each  student  should  provide  himself  with  scalpels,  scissors, 
forceps,  drawing  paper  and  pencils  and  one  or  two  orange-wood 
or  bone  manicure  sticks  for  blunt  dissection  and  teasing  of  brain 
tissue.    Compound  microscopes  must  be  provided.    A  simple 
magnifying  lens  is  also  necessary  for  low-power  examination  of 
microscopic  sections.     (For  the  requirements  of  this  course  the 
eyepiece  of  the  compound  microscope  makes  a  satisfactory 
substitute  for  a  dissecting  lens.    Hold  the  slide  to  the  light  and 
examine  it  through  the  inverted  ocular.) 

2.  The  point  of  view  from  which  this  Outline  has  been  pre- 
pared is  the  same  as  that  of  the  senior  author's  Introduction  to 
Neurology  (Philadelphia,  1915),  and  it  is  assumed  that  this 
book  is  available  for  study  throughout  the  course,  frequent 
references  being  made  to  it  in  lieu  of  full  descriptions  in  the 
Outline.    The  first  seven  chapters  of  this  work  should  be  read 
early  in  the  course  to  give  the  necessary  background  for  the 
laboratory  work.    The  illustrations  in  Burkholder's  Anatomy 
of  the  Brain  (second  edition,  Chicago,  1912)  will  be  found  very 
helpful  in  the  study  of  the  brain  of  the  sheep.    Other  reference 
books  will  be  cited  throughout  the  text.     The  titles  of  these 
works  are  assembled  in  the  Bibliography  at  the  end  and  the 
works  are  referred  to  in  the  text  simply  by  the  author's  name 
followed  by  the  date  of  publication.    Constant  use  must  be 
made  of  standard  text-books  and  atlases  of  the  gross  and 
microscopic  anatomy  of  the  human  nervous   system.     The 
following  list  includes  some  of  the  works  of  special  value  for 
this  purpose: 
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Bailey  and  Miller,  Embryology  ('16). 
Bailey,  Histology,  5th  edition  ('16). 
Barker,  Nervous  System  ('01). 
Bruce,  Atlases  ('92  and  '01).  ' 
Cunningham,  Anatomy,  Revised  4th  edition  ('15). 
Edinger,  Nervose  Zentralorgane,  8th  edition,  Bd.  I  ('11). 
Flatau,  Atlas  ('99). 

Van  Gehuchten,  Systeme  Nerveux,  4th  edition  ('06). 
Herrick,  Introduction  to  Neurology  ('15). 
Howell,  Physiology,  6th  edition  ('15). 
Johnston,  Nervous  System  ('06). 
Luciani,  Physiology  ('15). 
Marburg,  Atlas  ('04). 

Morris,  Anatomy,  5th  edition,  part  III  ('14). 
Obersteiner,  Nervose  Zentralorgane,  5th  edition  ('12). 
Quain,  Anatomy,  llth  edition  ('09). 
Ramon  y  Cajal,  Systeme  Nerveux  ('09-'ll). 
Rauber-Kopsch,  Lehrbuch  ('07). 

Reference  Handbook  of  the  Medical  Sciences,  3d  edition,  articles  on 
the  Brain,  Cranial  Nerves,  Ear,  End-organs,  Spinal  Cord,  and  others. 
Sabin,  Atlas  ('01). 
Sheldon,  Nervous  System  ('18). 
Spalteholz,  Atlas  ('09). 
Starling,  Physiology  ('12). 
Stewart,  Physiology  ('14). 
Toldt,  Atlas  ('04). 

Villiger,  Brain  and  Spinal  Cord  ('12). 
Winkler  and  Potter,  Atlases  ('11  and  '14). 

On  technical  methods  for  the  study  of  the  nervous  system 
consult  the  following  works: 

Guyer,  Animal  Micrology,  2d  edition  ('17). 

Hardesty,  Neurological  Technique  ('02). 

Hardesty,  Laboratory  Guide  for  Histology  ('08). 

Lee,  Arthur  Bolles,  Microtomist's  Vade-Mecum,  7th  edition  ('13). 

On  the  preparation  of  laboratory  drawings  and  scientific 
illustrations  for  publication  see — 

Hardesty,  Laboratory  Guide  for  Histology,  pp.  1-30  ('08). 
Guyer,  Animal  Micrology,  2d  edition,  pp.  159-172  ('17). 

A  few  of  the  leading,  neurological  journals  are  listed  below. 
Neurological  articles  are  found  also  in  other  journals  of  anatomy, 
physiology,  and  medicine: 

Annali  di  Nevrologia,  Naples. 

Brain,  London. 

Folia  Neurobiologica,  Haarlem. 
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Journal  de  Neurologic,  Paris  (chieflv  clinical  neurology). 
Journal  fur  Psychologic  und  NeuroKNoe.  L«-ipzig. 
Journal  of  Comparative  Neurology,  Philadel] 
Le  N6vraxe,  Louvain  (died  in  the  martyrdom  of  Belgium). 
Monatsschrift  fiir  Psychiatrio  und  Neurologic,  Hcrlin. 
Neurologisches  Centralblatt,  Leipzig. 

The  neurological  literature  for  each  year  beginning  with  1897 
is  listed  and  abstracts  of  the  more  important  articles  are  given 
in  the  Jahresbericht  liber  die  Leistungen  und  Fortschritte  auf 
dem  Gebiete  der  Neurologic  und  Psychiatric  (Berlin).  Numer- 
ous other  periodical  neurological  bibliographies  are  given  in  the 
Index  Medicus  (Washington),  Index  Catalogue  of  the  Library 
of  the  Surgeon  General's  Office  (Washington),  Anatomischer 
Anzeiger  (Jena),  Centralblatt  fiir  Physiologic  (Leipzig),  and 
elsewhere. 

In  this  Outline  the  student's  attention  is  directed  especially 
to  those  neurological  facts  which  are  well  established  and  which 
are  of  special  significance  for  the  practical  understanding  of  the 
working  of  the  nervous  system  in  health  and  disease.  Many 
equally  interesting  features  are  not  referred  to  at  all;  and  it 
should  especially  be  borne  in  mind  that  the  topics  selected  are 
for  clearness  presented  in  as  schematic  a  way  as  possible.  The 
actual  relations  are  in  all  cases  far  more  complex,  and  many  of 
these  details  are  as  yet  imperfectly  understood.  The  student 
is  urged  to  read,  as  far  as  time  permits,  the  larger  manuals  of 
neurology  and  the  special  articles  in  the  research  journals  in 
order  to  get  the  simpler  and  more  elementary  features  of  the 
laboratory  study  in  their  proper  perspective.  This  reading 
should  be  done  topically.  As  each  section  of  the  Outline  is 
studied  in  the  laboratory,  the  topic  there  under  consideration 
should  be  read  up  as  completely  as  possible  from  both  the 
anatomical  and  the  physiological  standpoints.  After  some 
practice  in  this  sort  of  topical  reading,  with  the  aid  of  the  in- 
dexes of  the  works  consulted,  a  large  number  of  books  can  be 
abstracted  for  each  topic  with  small  expenditure  of  tinn-. 


in.  DISSECTION   OF   THE   SHARK 

3.  This  Outline  has  been  prepared  for  use  with  either  the 
smooth  dogfish,  Mustelus  canis,  or  the  spiny  dogfish,  Squalus 
acanthias.     It  may  be  adapted  with  very  slight  modifications 
to  the  skate  or  any  other  elasmobranch.    The  brains  and 
peripheral  nerves  of  the  different  sharks,  skates,  and  rays  exhibit 
minor  differences;  but  these  are  not  significant  for  the  purposes 
of  this  study. 

4.  Literature. — Laboratory  directions  for  the  general  dissec- 
tion of  the  dogfish  are  given  by  Kingsley  ('07),  Marshall  and 
Hurst  ('99),  and  for  the  allied  skate  by  T.  J.  Parker  ('00). 
Good  figures  of  the  brain  of  the  shark  are  found  in  Parker  and 
Haswell's  Zoology  ('10,  vol.  2,  pp.  158-160),  in  Wiedersheim's 
Comparative  Anatomy  ('07,  p.  209)  and  in  Kingsley 's  Compar- 
ative Anatomy  ('12,  p.  167). 

On  the  structure  and  functions  of  the  sense  organs  of  fishes 
the  following  works  may  be  consulted:  Bateson  ('90);  Berger 
('82),  Ewart  ('93);  Garman  ('88),  Herrick  ('03,  '03a,  '08); 
Johnson  ('17);  Lee  ('98);  Norris  ('18);  Parker  ('03,  '03a,  '05, 
'05a,  '10,  '10a,  '11,  '12,  '12a);  Parker  and  Sheldon  ('13);  Pea- 
body  ('97);- Sheldon  ('09b,  '11). 

5.  The  chief  purpose  of  the  dissection  of  the  fish,  as  outlined  in 
the  following  sections,  is  to  secure  a  clear  understanding  of  the 
relations  between  the  brain  and  the  other  organs  of  the  body. 
In  the  fish  the  brain  shows  a  series  of  enlargements  each  of 
which  is  directly  connected  by  means  of  nerves  with  a  particular 
peripheral  organ:    the  olfactory  bulbs  with  the  nose,  the  optic 
lobes  with  the  eyes,  the  acoustic  area  and  cerebellum  with  the 
internal  ear,  the  visceral  lobe  with  taste  buds,  and  so  on  (see 
Fig.  2  and  Herrick,  '15,  Chap.  VII).     In  the  medulla  oblongata 
of  this  fish  there  is  a  series  of  longitudinal  ridges,  each  of  which 
is  connected  with  a  specific  type  of  peripheral  end-organs :  dor- 
sally  is  the  somatic  sensory  column,  ventrally  the  somatic  motor 
column,  and  between  these  the  visceral  sensory  and  motor 
columns.     Here  are  located  the  cerebral  centers  of  important 
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reflr\  -ystems  (see  Figs.  2  and  6,  Section  UU,  and  Urn-irk,  15, 
I  m.  <>S).    The  somatic  sensory  and  motor  systems  eiiaM- 
animal  to  react  appropriately  to  external  stimuli;  the  visceral 
sensory  and  motor  systems  effect  the  internal  adjustments  of 
the  body,  such  as  swallowing,  respiration,  digestion,  etc. 

The  fish  brain  can  be  clearly  seen  to  owe  its  form  to  its  phys- 
iolog'u -M!  connections  with  peripheral  organs.  We  shall  see  that 
similar  functional  factors  are  present  in  shaping  the  form  of  the 
human  brain,  though  much  obscured  by  the  elaboration  of  higher 
correlation  centers  in  the  thalamus,  cerebral  rortrx,  etc.  In 
most  respects  there  are  instructive  resemblances  between  the 
adult  fish  and  the  human  embryo  at  an  early  age  when  gill 
pouches  are  present. 

6.  Examine  carefully  the  external  form  of  the  head,  noting 
particularly  the  disposition  of  the  sense  organs  and  apertures — 
mouth,  nostrils,  gills,  spiracles  (vestigial  gills),  endolymphatic 
ducts  (two  minute  apertures  near  the  midline  between  the 
spiracles,  by  which  the  internal  ears  communicate  with  the 
exterior).     Notice  numerous  small  pores  distributed  in  the  skin. 
These  are  the  openings  of  subcutaneous  sense  organs,  which  are 
found  only  in  fishes  and  amphibians  and  are  termed  lateral  line 
organs.     There  are  two  series  of  these,  the  ampullae  of  Lorenzini 
and  the  lateral  line  canals.     The  former  are  arranged  irregularly; 
the  latter  comprise  four  tubes  embedded  in  the  deep  layer  of  t  lie 
skin:  supra-orbital,  infra-orbital,  hyomandibular  lines,  and  the 
lateral  line  of  the  trunk  (see  Fig.  4). 

On  the  lateral  line  canals  see  further  in  Section  18. 

7.  First  open  the  pericardial  chamber  by  a  medial  ventral 
incision  from  the  lower  end  of  the  specimen  forward  to  the 
lower  jaw.     Note  the  two-chambered  heart,  the  ventral  aorta, 
and  the  branches  of  the  latter  to  the  gills  (aortic  arches).     Now 
complete  the  ventral  incision  dorsalward   through  the   1« 
jaw  and  floor  of  the  pharynx,  opening  up  the  entire  length  of  t  he 
mouth  cavity  back  to  the  esophagus,  and  spread  laterally  the 
ventral  walls  of  the  pharynx  to  expose  the  inner  surfaces  of  the 
gills.     Next  dissect  off  the  skin  of  the  right  side  of  the  specimen 
in  the  gill  region,  in  each  gill  noting  the  cartilaginous  gill  n 
the  feathery  gills,  the  firm  gill  rakers,  the  mode  of  at  it  of 
the  gills  to  the  skull,  and  the  clefts  between  the  gills. 
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Examine  the  gills  and  determine  how  they  work  as  organs  of 
respiration,  noting  the  direction  of  flow  of  water  through  them 
and  the  mechanism  by  which  this  flow  is  maintained. 


Fig.  1. — Dissection  of  the  brain  and  cranial  nerves  of  the  dogfish, 
Scyllium  catulus.  The  right  eye  has  been  removed.  The  cut  surfaces 
of  the  cartilaginous  skull  and  spinal  column  are  dotted.  d.l-d.5y  Bran- 
chial (gill)  clefts;  ep.,  epiphysis;  ext.rect.,  external  rectus  muscle  of  the 
eyeball;  gl.ph.,  glossopharyngeal  nerve;  hor.can.,  horizontal  semicircular 


nerve;  mx.V,  maxillary  branch  of  trigeminus;  olf.cps.,  olfactory  capsule; 
olf.s.,  olfactory  sac;  oph.V.VII,  superficial  ophthalmic  branches  of  the 
trigeminal  and  facial  nerves;  path.,  trochlear  nerve  (patheticus) ;  pl.VII, 
palatine  branch  of  facial  nerve;  s.obl.,  superior  oblique  muscle;  sp.,  spiracle; 
sp.co.,  spinal  cord;  spir.,  spiracle;  s.rect.,  superior  rectus  muscle;  vag.,  vagus 
nerve;  vest.,  vestibule.  (After  Marshall  and  Hurst,  from  Parker  and  Has- 
well's  Zoology.) 

8.  Cut  through  the  skin  in  the  middorsal  line  and  reflect  it  on 
the  right  side  as  a  lateral  flap,  leaving  this  flap  attached  at  the 


DISSECTION   OF  THE  SHARK  !'' 

Literal  border  <>f  the  head.  Locate  again  the  pore**  of  the  cndo- 
lymphatic  ducts  and  avoid  injury  to  these  ducts.  Now  remove 
the  cartilaginous  roof  of  the  ln.iin  <>f  the  right  side,  beginning  at 
the  opening  which  you  will  find  already  made  by  a  cut  between 
the  eyes  and  shaving  <>i't"  the  cartilage  in  thin'slices. 

9.  The  internal  ear  lies  embedded  within  the  cartilage  behind 
the  eyes  close  to  the  medulla  oblongata  under  the  pores  of  the 
endolyinphatic  ducts  (see  Fig.  1).  The  semicircular  canals  of 
t  he  ear  can  be  seen  through  the  translucent  cartilage.  The  three 
canals  should  be  exposed  by  dissecting  away  the  surrounding 
cartilage,  leaving  the  membranous  canals  in  place.  Demon- 
strate the  ampulla}  of  the  semicircular  canals  and  the  connections 
of  each  canal  with  the  utriculosaccular  chamber.  Note  the 
planes  in  which  the  canals  lie  in  relation  both  to  each  other  and 
to  the  long  axis  of  the  body. 

Draw  the  dissection  of  the  membranous  labyrinth  at  this 
stage  of  the  dissection  without  removing  it  from  the  head.  The 
shape  of  the  utriculosaccular  chamber  can  best  be  seen  while  it 
is  still  in  place,  for  its  delicate  walls  collapse  when  removed. 
The  semicircular  canals  open  freely  into  the  dorsal  part  of  the 
common  utriculosaccular  chamber,  which  accordingly  corre- 
sponds with  the  human  utriculus.  The  ventral  part  of  the  r 
mon  chamber  corresponds  with  the  human  sacculus  and  in 
contains  a  large  ear  stone  or  otolith,  which  is  usually  disin te- 
ed in  the  formalized  specimens.  In  the  wall  of  the  sacculus 
there  is  a  large  sensory  area,  the  macula  sacculi.  There  is  no 
cochlea;  but  from  the  sacculus  a  small  pouch  extends  caudo- 
ventrahvard.  This  is  the  lagena,  which  contains  a  sensory  area, 
the  macula  lagena},  and  represents  the  rudiment  from  which  the 
cochlea  of  higher  animals  has  been  developed.  Through  the 
translucent  walls  of  the  membranous  labyrinth  the  whitish 
ory  areas  can  be  seen  (macula  and  cristce),  and  by  a  little 
further  dissection  the  branches  of  the  VIM  nerve  to  all  of  these 
sensory  areas  can  be  demonstrated.  The  entire  membranous 
labyrinth  may  now  be  removed.  Compare  the  internal  ear  of 
the  dogfish  with  that  of  man  (see  diagram  in  Herrick,  '15,  Fig. 
91). 

.  complete  descriptions  and  figures  of  the  ears  of  different 
species  of  fishes,  includinge  th  dogfish,  are  given  by  Retzius 
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r.  ophthal.  superfic.  V 
r.  ophthal.  superfic.  VII 

n.  terminalis 
r.  ophthal.  profundus  V 
}  Optic  nerve  (n.  II) 


'.  maxillaris  V 
r.  mandib.  V 

Supra-orbital  trunk 

Infra-orbital  trunk 
Ganglion  V 
T.  palatinus  VII 
Gang,  geniculi  VII 
Gang,  later.  VII 
r.  prespirac.  VH 


r.  hyomandib.  VII 


r.  branchialis  X 
r.  intestinalis  X 


Fig.  2. — Diagram  of  the  brain  and  sensory  nerves  of  the  smooth  dog- 
fish, Mustelus  canis,  from  above.  Natural  size.  The  Roman  numerals 
refer  to  the  cranial  nerves.  The  olfactory  part  of  the  brain  is  dotted,  the 
visual  centers  are  shaded  with  oblique  cross-hatching,  the  acoustico-lateral 
centers  with  horizontal  lines,  the  visceral  sensory  area  with  vertical  lines, 
and  the  general  cutaneous  area  is  left  unshaded.  On  the  right  side  the 
lateral  line  nerves  are  drawn  in  black,  the  other  nerves  are  unshaded. 
This  is  a  rough  sketch,  not  drawn  to  scale.  The  arrangement  of  the  nerves 
differs  in  some  respects  from  that  of  the  spiny  dogfish,  Squalus  acanthias, 
as  will  be  seen  by  comparison  with  Fig.  5.  (From  Herrick's  Introduction 
to  Neurology.) 
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('81).  On  the  functions  of  the  ears  of  fishes,  see  the  pa  |  NTH  by 
is.  i,eeand<;.  II.  Paricer  cited  in  the  BibHogrmphy .  I  or  the 

in:unin;ili:iii  ear  sec  Section  SI). 

10.  Remove  the  cartilaginous  walls  of  tin-  cranium  down  to 
the  foramina  <»f  tlic  cranial  nerv.-.      Tin-  QU  beii   '•    -lone  by 

cutting  the  cartilage  away  in  thin  slices  with  a  -harp  kmtv.    The 

foramen  «»f  i  he  -lender  IV  nerve  will  be  first  exposed,  lying  me- 
dially of  the  eyeball  and  far  dorsally.  The  other  foramina  lie 
farther  vent  rally. 

11.  Note   the   mcmlnancs    (meninges)    of   the    brain.    The 
dogfish  liraiii  is  closely  enveloped  l»v  a  -ini:l«'  mrm  Be-* 
t  \\vcn  \\\\<  and  the  perichondrinm  which  line-  the  <-artilaginous 


Supra-orbiU]  trunk 

<  A£omticO"lMCfw  Ami 


Infra-orbital  trunk 

'I'h.  -aim-  hrain  as  Fig.  2  seen  fnun  tin-  -i<le  and  slightly 

I  r«'in  llcrrick's  Intro.ii: 

cranium  is  a  very  loose  arachnoidal  tissue  which  U  not .  i 
condensed  into  a  definite  arachnoid  u.  as  in  mammals 

Section  45). 

12.  Carefully  dissect  out  the  n-nnfal  nerves  and  eye-muscles  of 
the  riiiht  side.  The  optic  nerve,  c-ye-muscles,  and  eye-muscle 
nerve-  111.  1\  .  and  VI  par 

the  human  l>ody.  ( 'on-ult  your  anatomies  for  names  and  de- 
scription<  and  determine  the  action  of  each  of  the  <  \ .  -muscles. 
Notice  the  long  ciliary  nerve<  di-tri!  i»all  and 

trace  their  connections,  it'  po—il>le.  with  branches  of  th«-  third 
and  fifth  Derves. 
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DESCRIPTION  OF  FIGURES  4,  5A,  AND  5B 

These  drawings  illustrating  the  arrangements  of  the  cranial  nerve  com- 
ponents and  ganglia  of  the  dogfish  were  prepared  for  us  by  Miss  S.  P. 
Hughes  under  the  direction  of  Dr.  H.  W.  Norris,  of  Grinnell,  Iowa.  They 
are  based  on  an  unpublished  investigation  of  the  cranial  nerve  components 
of  S'qualus  acanthias  by  reconstruction  from  microscopic  sections.  The 
material  used  is  advanced  embryos  ("pup"  stage),  and  is  probably  in  all 
essential  respects  similar  to  the  adult  form.  The  structures  are  drawn  as 
seen  in  flat  projection  on  the  median  plane  and  all  details  shown  are  drawn 
true  to  scale  except  as  noted.  It  is  expected  that  the  complete  research 
upon  which  these  drawings  are  based  will  be  published  in  the  Journal  of 
Comparative  Neurology  during  the  year  1918.  We  are  greatly  indebted 
to  Dr.  Norris  and  Miss  Hughes  for  the  privilege  of  using  these  data  in 
advance  of  the  publication  of  their  paper. 

Fig.  4. — Diagram  of  the  lateral  line  canals  and  their  nerves  of  Squalus 
acanthias,  seen  from  the  side.  The  ventral  portion  of  the  infra-orbital 
canal  is  represented  as  swung  ventro-laterally  out  of  its  true  relation  to 
the  other  structures.  The  lateral  line  canals  and  their  nerves  are  drawn 
as  they  are  developed  in  the  advanced  embryo  ("pup"  stage).  The  exact 
number  of  terminal  branches  of  the  lateral  line  nerves  supplying  the  canals 
is  indicated  in  the  drawing.  The  dots  at  the  ends  of  the  branches  indicate 
the  points  where  they  enter  the  canals.  They  do  not  represent  separate 
sense  organs  within  the  canals  (neuromasts),  such  as  are  found  in  most 
other  fishes.  For  the  form  of  the  sensory  epithelium  in  these  canals,  see 
the  figures  given  by  Johnson  ('17).  The  ampullae  of  Lorenzini  are  not 
indicated,  but  a  few  of  the  large  nerve  trunks  supplying  ampullse  ex- 
clusively are  shown  (a) . 

ABBREVIATIONS 

a,  large  nerve  branches  supplying  ampullse  of  Lorenzini  only. 

buc.  VII,  ramus  buccalis  VII,  supplying  the  greater  part  of  the  infra-orbital  canal. 

chmd.,  canalis  hyomandibularis,  innervated  by  ramus  mandibularis  externus  VII. 

cinfro.,  canalis  infra-orbitalis,  innervated  by  rami  buccalis  VII  and  oticus  VII. 

clat.,  canalis  lateralis  (main  canal  of  the  trunk),  innervated  by  rami  supratemporalis  X, 
dorsalis  X,  and  lateralis  X. 

cmd.,  canalis  mandibularis,  innervated  by  ramus  mandibularis  externus  VII. 

cspro.,  canalis  supra-orbitalis,  innervated  by  ramus  ophthalmicus  superficialis  VII. 

cspt.,  canalis  supratemporalis  (commissural) ,  innervated  by  ramus  supratemporaHs  X. 

ct.t  canalis  temporalis  (anterior  end  of  main  lateral  canal),  innervated  by  ramus  supratem- 
poralis IX. 

dors.  X,  ramus  dorsalis  X,  supplying  about  four  end-branches  to  the  main  lateral  canal  of 
the  trunk  (contains  also  a  general  cutaneous  element,  ramus  auricularis  X,  see  Fig.  5A) . 

lat.  X,  ramus  lateralis  X  (main  lateral  line  nerve  of  the  trunk),  supplying  the  greater  part 
of  the  lateral  canal  of  the  trunk. 

mde.  VII,  ramus  mandibularis  externus  VII,  supplying  the  hyomandibular  and  mandibular 
canals. 

os.  VII,  ramus  ophthalmicus  superficialis  VII,  supplying  the  supra-orbital  canal. 

ot.  VII,  ramus  oticus  VII,  supplying  about  six  end-branches  to  the  posterior  end  of  the  infra- 
orbital  canal. 

spt.  IX,  ramus  supratemporalis  IX,  supplying  three  end-branches  in  the  temporal  canal. 

spt.  X,  ramus  supratemporalia  X,  supplying  the  supratemporal  canal  and  about  six  end- 
branches  in  the  anterior  part  of  the  main  lateral  canal. 

VIII,  nervus  acusticus. 


Ganglia. 

General  cutaneous  nerves. 
Lateral  line  and  VIII  nerves. 
Visceral  motor  nerves. 
Visceral  sensory  nerves. 
Somatic  motor  nerves. 


nasal 


br.X2,  second  ramus  branrhialis  X. 

br.XS,  third  ramus  branchialis  X. 

buc.VII,  ramus  buccalis  VII. 

cht.VII,  chorda  tympani  VII. 

cil.a,  anterior  ciliary  nerve. 

cil.p,  posterior  ciliary  nerves. 

dors.X,  ramus  dorsalis  X. 

hybr.  (occ.  l+2,sp.l,  2,  3),  nervus  hypo- 

branchialis. 

hy.VII,  ramus  hyoideus  VII. 
II,  nervus  opticus. 
///,  nervus  oculomotorius. 


ABBB 

IV,  nervus  trochlearis. 

IXr,  roots  of  glossopharyngeus. 

lat.X,  ramus  lateralis  X. 

max.V,  ramus  maxillaris  V. 

mde.VII,  ramus  mandibularis  externus  VII 

mdi.VII,  ramus  mandibularis  internus  VII 

md.V,  ramus  mandibularis  V. 

n.  term,  nervus  terminalis. 

occ .1  +  2,  occipital  nerves. 

op.V,  ramus  ophthalmicus  profundus  V. 

os.V,  ramus  ophthalmicus  superficialis  V. 

os.  VII,  ramus  ophthalmicus  superficialis VII 


Fig.  5A. — Distribution  of  the  nerve  components  in  Squalus  acanthias,  seen  from  t 
by  broken  lines.     The  functional  composition  of  the  nerves 
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ONB, 

.VII,  raniu.-  p:il:itinu>  \  II. 
'.  IX,  r:iinus  phar\  MUCUS  IX. 
'  .A'/,  first  minus  pharynncu.-  X. 

•nirtli  minus  pli:iryimru>  X. 
!iius  pivtivinalirii-  I  X. 

•.r.-t  ramus  pretrematicua  X. 

'.;rth  minus  prrt  remain 
MIUS  pi.sttrrniatims  IX. 

ist  minus  posttrcmatii 
irtli  rainu>  post  t  ivmat  icu>  X. 
:   to  sixth  spinal  IUTVI-. 

minus  Bupratemporalfe  IX. 


>•/•/. A",  ranni-  -nprati-nip«'!,ii. 

tr.hnnl.\'II,  truncns  h\  mnnnilitiulnris  VII. 

tr.iu.V--  \  II,    trunru-    mfra-orbitalis    V  + 

•VII.  truncus  supra-orbiUlw  V  + 
VII. 

\' 1 1 1 .  MIT\  m 

VII  r.ll,  lateral  line  roota  of  fn< 

.  ralia  (inteetinalw)  X. 
A'  r.  roota  of  vagus. 


outlines  iif    tin-  iu»>«\  eye.  spir:irl«>  and  the  five  mil  clefts  ft] 
ated  liv  tlie  et.nvent  ional  >yinlx>l>  printed  above  the  fiu 
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Fig.  5B. 
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Draw  the  contents  of  the  orbit  as  seen  from  above,  including 
the  eye,  its  muscles,  and  all  nerves  which  enter  the  orbit. 

13.  The  eyeball. — Remove  the  eyeball  from  the  orbit  by  cut- 
t  injr  all  of  its  attachments,  and  dissect  the  eye.  Open  the  eye- 
hall  by  a  cut  around  the  equator  between  the  cornea  and  tin- 
optic  nerve.  In  the  inner  half  of  the  eyeball  note  the  three 
coats — the  tough  sclerotic,  the  pigmented  choroid,  and  Un- 
rig. 5B. — An  analysis  of  the  cranial  ganglia  of  Squalus  acanthiaa 
("pup"  stage).  The  somatic  motor  roots  are  omitted;  rf.  Fig.  5A.  For 
the  significance  of  the  conventional  symbols  see  the  accompanying  legend. 

ABBREVIATIONS 

ac-lat.,  area  acustico-lateralis  of  brain. 

buc.VII,  ramus  buccalis  VII. 

cbl.,  cerebellum. 

dors.X,  ramus  dorsalis  X.    ' 

g  ac.,  ganglion  acusticum. 

g  buc.,  ganglion  of  ramus  buccalis  VII. 

gen.,  ganglion  geniculi  VII. 

gg.,  ganglion  gasseri. 

g  gl.,  visceral  ganglion  of  IX. 

g  ll.X,  ganglion  of  ramus  lateralis  X. 

g  mde.,  lateralis  ganglion  on  hyomandibular  trunk. 

g  op.,  ganglion  of  ramus  ophthalmicus  profundus. 

g  os.VII,  ganglion  of  ramus  ophthalmicus  superficial!-  \  II. 

g  spt.IX,  ganglion  of  ramus  supratiMiip<»rali>  1  \ 

g  spt.X,  ganglion  of  ramus  supratemporalis  X. 

y  X.I  to  g  X.4,  visceral  sensory  ganglia  on  the  vagus. 

hy.VII,  ramus  hyoideus  VII. 

/A,  nervus  glossopharyngeus. 

IX  r.,  roots  of  nervus  glossopharyngeus. 

lat.X,  ramus  lateralis  X. 

max.V,  ramus  maxillaris  V. 

md.V,  ramus  mandibularifl  \". 

mde.VII,  ramus  mandibulaiifl  externu-  \  II. 

tniU.Y  11,  ramus  mandibularis  internus  \  II. 

me*.,  midhrain. 

op.\',  ramus  ophthalmicus  profundus  V. 

os.V.  ramus  ophthalmicus  superficialis  V. 

OS.Vl  I,  ramus  ophthalmicus  >uperficiali<  VII. 

pal.VII,  ramus  palatinus  \  II 

rest  b.,  "corpus  restiformc "    anterior  end  of  acustico-Uteral  area). 

spt.IX,  ramus supratemporahfi  1\. 

.s'/j/.A",  ramus  supratcmporali-  \ 
I"//  r..  root-  of  facials  proper. 
VII  r  II,  lateral  line  r  )  fa  Q|  I'.fiaUs. 
'.,  roots  of  vagus  pn>p.-r. 

II.,  lateral  line  root  of  v..: 
V  /  to  X..'f,  first  to  fourth  branchial  rami  of  vagus. 
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grayish-white  retina.  The  retina  in  preserved  specimens  is  apt 
to  be  partly  disintegrated  and  pulled  loose  from  the  choroid 
coat.  In  the  outer  half  notice  the  lens  and  observe  its  attach- 
ment by  a  delicate  suspensory  ligament  attached  to  the. margin 
of  the  eyeball  in  front  of  the  retina.  The  space  behind  the  lens 
is  filled  with  vitreous  humor  (corpus  vitreum);  the  space  in 
front  of  the  lens  and  behind  the  cornea  is  filled  with  aqueous 
humor.  The  choroid  coat  is  extended  in  front  of  the  lens  to 
form  the  iris. 

14.  Look  up  the  structure  of  the  human  eye  (see  Section 
135)  and  compare  with  that  of  the  dogfish.     Note  the  dif- 
ference   in    the    shape    of    the    lens    in    the    two    cases.     In 
mammals  the  suspensory  ligament  is  attached  to  a  muscular 
ridge,  the  ciliary  process,  whose  ciliary  muscles  control  the 
accommodation  of  the  lens.     In  the  dogfish  the  ciliary  muscles 
are  feebly  developed  and  there  is  little,  if  any,  power  of  ac- 
commodation. 

15.  Cranial  nerves. — There  are  ten  pairs  of  cranial  nerves  (the 
XI  and  XII  human  nerves  are  not  separately  represented). 
The  spinal  nerves  are  much  alike,  each  pair  repeating  the  same 
functional  pattern;  but  no  two  cranial  nerves  have  the  same 
functional  composition.     Accordingly,  in  studying  the  cranial 
nerves  it  is  necessary  to  determine  for  each  pair  of  nerves  the 
functional  composition  of  each  of  its  roots  and  the  precise  per- 
ipheral and  central  connections  of  the  fibers  of  each  functionally 
distinct  root.     This  has  been  done  for  a  sufficient  number  of 
vertebrate  types  to  establish  a  typical  vertebrate  pattern  of 
cranial  nerve  components.     These  functionally  defined  compo- 
nents are  classified  in  four  major  groups,  somatic  sensory  and 
motor  and  visceral  sensory  and  motor,  each  of  which  may  be 
further  subdivided.     For  the  discussion  of  the  principles  and 
mode  of  application  of  this  classification  (which  is  fundamental 
to  an  understanding  of  the  following  sections),  see  Herrick,  '15, 
Chap.  IX,  and  Johnston  ('06),  Chap.  V. 

16.  The  nerve  components  of  the  dogfish  have  been  carefully 
studied  microscopically  by  Dr.  H.  W.  Norris  and  Miss  S.  P. 
Hughes,  who  have  very  kindly  prepared  for  us  the  accompany- 
ing drawings  (Figs.  4  and  5)  from  a  detailed  account  to  be  pub- 
Dished  shortly  ('18).     The  systems  of  nerve  components  men- 
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tioned  at  the  close  of  the  preceding  section  are  represented  in 
the  following;  cranial  nerves  of  the  d.^fi-li: 

(1)  Somatic  sensory:    II  (optic);  III     l\    and   \ 
muscle  sense);  V  (general  cutaneous);  VII  (lateral  litn 
\  III  (acoustic  and  vestibular);  IX  (lateral  line  fiU  .-  -     \ 
eral  cutaneous  and  lateral  line  fil>« 

•  (2)  Somatic  motor:  III,  IV  and  VI  (eye-muscle  nerves)  [in 
man  also  XII,  for  tongue  muscles,  represented  in  the  dogfish  by 
the  hypobranchial  nerve  (Fig.  5A)]. 

(3)  Visceral  sensory:    I  (olfactory);  VII.  IX  and  \    -•  noral 
visceral  and  gustatory  nerves). 

(4)  Visceral  motor:     III   (ciliary  nerves);  V   (masticat 
nerves);  VII  (nerves  of  the  hyoid   imiM-ulaimv   [including  in 
man  the  facial  muscles]) ;  IX  and  X  (branchial  and  general 
ceral  motor  nerves). 

17.  The  names  of  the  cranial  nerves  and  their  chief  branches 
in  the  dogfish  are  given  for  reference  in  the  following  li>t  (cf. 
Figs.  1  to  5).  They  should  be  identified  in  your  specimens,  but 
their  names  need  not  be  memorized.  The  human  cranial  nerves 
show  the  same  general  arrangement,  save  for  the  ab-en.-r  in  man 
of  all  components  supplying  lateral  line  organs  and  for  the 
modification  of  the  IX  and  X  pairs  result  in. it  from  the  loss  of 
gills.  See  Section  47. 

I.  N.  olfactorius.     Passes  in  very  numerous  short  filaim -ni< 
from  the  nasal  sac  on  the  ventral  surface  of  the  snout  t  <  >  t  he  very 
large  olfactory  bulb.     Associated  with  this  nerve  i-  th- 
nervus  terminalis,  running  between  the  nasal  sac  and  r 

bral  hemisphere  (Figs.  2  and  5A).     It  passes  alon.  >rsal 

surface  of  the  olfactory  bulb  and  the  medial  surface  ..f  tin-  -talk 
of  the  bulb  to  enter  the  cerebral  hemisphere  near  the  median 
plane.  See  Locy  ('05)  and  McKibben  ('14). 

II.  N.  opticus.     From  the  eye  to  the  Hour  of  the  brain  under 
the  thalamus. 

III.  N.  oculomotorius.     From  the  floor  of  the  midbrain  to 
mm.  obliquus  inferior  and  rectus  sujx-rior.  inferior,  and  medialis. 

IV.  N.  trochlearis.     From  the  roof  of  the  midbrain  to  m. 
obliquus  superior. 

VI.   N.  al'ducm-.     From  the  floor  of  the  medulla  oblongata 
to  m.  rectu-  lateralis. 


30  LABORATORY   OUTLINE    OF   NEUROLOGY 

V  and  VII.  The  trigeminus  and  facialis  nerves  are  so  inti- 
mately united  that  microscopic  methods  are  required  for  their 
separation.  In  Figs.  2  and  3  they  are  drawn  very  diagrammat- 
ically  after  slight  dissection  and  separation  of  the  roots  and  gan- 
glia. Their  true  composition  is  shown  in  Fig.  5.  The  two  upper 
(more  rostral)  roots  of  the  complex  are  the  sensory  and  motor  V; 
the  lower  ones  belong  to  VII.  The  sensory  V  root  receives  its. 
fibers  from  the  skin  of  the  whole  head  in  front  of  the  gill  region. 
The  motor  V  root  supplies  the  jaw  muscles;  the  motor  VII  root 
those  of  the  hyoid  arch.  The  sensory  VII  root  (nervus  inter- 
medius,  or  portio  intermedia  of  Wrisberg)  receives  most  of 
its  fibers  from  taste-buds  and  the  mucous  lining  of  the  mouth. 
The  lateral  line  roots  which  enter  the  brain  in  front  of 
the  ear  are  usually  named  as  parts  of  the  VII  nerve;  see 
Section  18. 

VIII.  N.  acusticus.     From  the  labyrinth  of  the  ear  to  the 
acoustico-lateral  area  of  the  medulla  oblongata.    The  .cochlear 
ramus  is  absent  or  rudimentary.     A  small  sensory  spot  in  the 
saccule,  the  lagena,  is  regarded  as  the  organ  from  which  the 
cochlear  sense  organ  (spiral  organ)  of  mammals  has  been  differ- 
entiated; its- nerve,  accordingly,  is  homologous  with  the  cochlear 
nerve  of  man. 

IX.  N.   glossopharyngeus.     Arises  from  the  oblongata  by 
three  roots,  two  sensory  and  one  motor,  passes  under  the  mem- 
branous labyrinth  of  the  ear  and  forks  around  the  first  gill  cleft. 
It  contains  visceral  sensory  and  visceral  motor  fibers  for  the 
innervation  of  the  first  gill  and  also  a  small  lateral  line  com- 
ponent (r.  supratemporalis  IX,  Figs.  4  and  5). 

X.  N.  vagus.    Arises  from  the  oblongata  by  several  roots 
which  form  a  large  trunk  from  which  arise  branchial  rami  to 
fork  around  the  second  to  fifth  gill  clefts  (visceral  motor  and 
visceral  sensory) ;  also  r.  visceralis  vagi  for  the  viscera  of  the 
body  cavity  farther  back  (esophagus,  stomach,  etc.).     The  r. 
dorsalis  vagi  contains  general  cutaneous  fibers  for  the  skin  be- 
hind the  internal  ear  (r.  auricularis  vagi)  and  also  lateral  line 
fibers  for  part  of  the  main  lateral  canal.     The  r.  lateralis  vagi 
supplies  the  lateral  canal  behind  the  region  reached  by  the  r. 
dorsalis.    The  r.  supratemporalis  vagi  supplies  the  anterior  end 
of  the  lateral  canal  and  the  supratemporal  canal.    All  lateral 
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line  fibers  of  the  vagus  arise  by  a  large  root  farther  forward 
(rostral)  than  the  other  vagus  roots. 

18.  The  acoustico-lateral  complex.    The  membranous  laby- 
rinth and  the  lateral  line  organs  comprise  a  complex  system  of 
sense  organs  with  many  features  in  common  (see  Johnston 
('06),  Chap.  VII).    Within  the  lateral  line  canals  and  ampulla* 
of  Lorenzini  are  found  sense  organs  which  resemble  those  of  tho 
internal  ear,  and  the  nerves  which  supply  them  enter  the  same 
part  of  the  brain,  the  area  acustico-lateralis  (see  Section  22  and 
Figs.  2  to  5).    The  sense  organs  of  the  saccule  in  fishes  are  sen- 
sitive to  sound  waves;  those  of  the  ampullae  of  the  semicircular 
canals  assist  in  maintaining  equilibrium;  and  those  of 
lateral  line  organs  are  sensitive  to  water  vibrations  of  a  sl<  > 
rate  than  the  sound  waves  received  by  the  ears,  with  possibly 
other  functions  in  addition. 

The  nerves  terminating  in  the  area  acustico-lateralis  consti- 
tute a  functional  and  anatomical  system  distinct  from  all  other 
sensory  nerves,  though  peripherally  they  may  be  bound  up  in 
the  same  nerve-trunks  with  other  components.  They  are 
most  closely  related  with  the  general  cutaneous  nerves.  They 
reach  their  peripheral  end-organs  through  the  following  nerve 
trunks  (cf.  the  next  section) : 

(1)  For  the  supra-orbital  canal  from  the  supra-orbital  trunk 
(this  component  of  this  trunk  is  called  the  ramus  ophthalmicus 
superficialis  VII). 

(2)  For  the  infra-orbital  canal  from  the  infra-orbital  trunk 
(this  component  is  called  the  ramus  buccalis  VII). 

(3)  For  the  hyomandibular  canal  from  the  facial  trunk  or 
hyomandibular  nerve  (called  the  ramus  mandibularis  externus 
VII). 

(4)  For  the  internal  ear  from  the  nervus  acusticus. 

(5)  For  the  lateral  line  organs  of  the  temporal  canal  (ramus 
Bupratemporalis  IX). 

(6)  For  tho  lateral  line  canal  of  the  body  from  the  ramus 
supratcmporalis,  ramus  dorsalis,  and  ramus  lateralis  \ 

The  nerve  fibers  of  this  system  which  supply  the  irregularly 
arranged  ampullae  of  the  head  distribute  in  company  with  those 
for  the  lateral  line  canals  of  the  head. 

19.  Many  of  the  peripheral  nerve-trunks  are  mixed  in  the 
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sense  that  they  contain  functionally  different  components. 
These  components  may  come  from  roots  of  several  different 
nerves  by  anastomoses  peripherally  of  the  ganglia.  Some  of  the 
more  important  peripheral  nerves  of  the  dogfish  are  as  follows: 

(1)  The  supra-orbital  trunk,  containing  the  r.  ophthalmicus 
superficialis  V  (general  cutaneous)  for  the  skin  of  the  top  of  the 
head,  and  lateral  line  fibers  for  supra-orbital  lateral  line  organs 
(the  r.  ophthalmicus  superficialis  VII);  (2)  r.  ophthalmicus 
profundus  V  (general  cutaneous),  passing  through  the  middle 
of  the  orbit,  beyond  which  it  anastomoses  with  the  r.  ophthal- 
micus superficialis  V  to  supply  the  skin  of  the  snout  (the 
superficial  and  deep  ophthalmic  branches  of  the  V  nerve  to- 
gether correspond  approximately  with  the  ophthalmic  branch 
of  the  human  trigeminus);  (3)  the  infra-orbital  trunk,  passing 
across  the  floor  of  the  orbit,  below  which  it  divides  into  the  r. 
buccalis  VII  (lateralis)  for  infra-orbital  lateral  line  organs,  r. 
maxillaris  V  (general  cutaneous)  for  the  skin  of  the  upper  jaw, 
and  r.  mandibularis  V  (general  cutaneous  and  motor)  for  the 
skin  and  muscles  of  the  lower  jaw;  (4)  r.  palatinus  VII  (visceral 
sensoryj  for  the  mucous  membrane  and  taste-buds  of  the  roof 
of  the  mouth  (represented  by  the  great  superficial  petrosal  nerve 
of  the  human  body) ;  (5)  the  hyomandibular  trunk,  passing  be- 
hind the  spiracular  cleft  to  the  region  of  the  hyoid  arch  and 
lower  jaw,  containing  the  r.  mandibularis  internus  VII  (visceral 
sensory)  for  taste-buds  and  mucous  membrane  lining  the  lower 
jaw,  motor  VII  fibers  for  muscles  of  the  hyoid  arch  (r.  hyoideus), 
and  lateral  line  fibers  for  hyomandibular  lateral  line  organs  (r. 
mandibularis  externus  VII).  The  visceral  sensory  and  motor 
fibers  correspond  with  the  facial  trunk  of  the  human  body. 

The  components  of  these  peripheral  nerves  can  be  com- 
pletely separated  only  by  microscopic  methods,  though  a  skilful 
dissector  can  separate  the  lateralis  components  of  many  of  the 
nerves  (see  Ewart,  '93  and  Norris,  '18).  The  nerve  com- 
ponents of  vertebrates  are  fully  described  by  Johnston  ('06 
and  '09). 

20.  The  gills  are  visceral  structures.  Their  sensory  nerves 
terminate  centrally  in  the  visceral  sensory  column  of  the  medulla 
oblongata,  and  their  motor  nerves  arise  from  the  visceral  motor 
column  (see  Sections  15  and  23).  Each  gill  cleft  has  a  branchial 
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nerve,  as  illustrated  in  Figs.  1,  2,  5A,  and  6.  Tin-  branchial 
trunk  typically  divides  into:  (1)  a  postbranchial  (or  post- 
treraatic)  nerve,  containing  visceral  sensory  and  visceral  motor 
components,  (2)  a  prebranchial  (or  pretrematic)  nerve  (vi.«< 
sensory),  (3)  a  pharyngeal  nerve  (visceral  sensory).  The  post- 
branchial  division  of  the  IX  nerve  of  fishes  is  homologous  with 
tin1  human  lingual  branch,  for  distribution  to  the  tongue. 

The  roots  of  the  IX  nerve  connect  with  the  medulla  oblongata 
a  short  distance  behind  the  VIII  nerve,  and  the  IX  nerve  itself 
can  be  seen,  after  the  dissection  of  the  internal  ear,  runninn 
across  the  floor  of  the  auditory  chamber.  Dissect  tin-  IX 
nerve  outward  and  note  its  division  into  prebranchial  and  post- 
branchial  rami. 

The  roots  of  the  X  nerve  arise  behind  those  of  the  IX  (except 
the  lateral  line  root  which  arises  farther  forward  from  the 
acoustico-latcral  area).  Dissect  the  vagus  trunk  outward  and 
note  its  division  into  lateralis  and  branchial  trunks.  The  latter, 
after  giving  off  the  branchial  rami  to  the  second  to  fifth  gills,  is 
continued  backward  to  form  the  ramus  intestinalis  and  ramus 
cardiacus. 

21.  The  student  should  at  this  time  acquire  a  general  famil- 
iarity with  the  arrangement  of  the  human  spinal  and  cranial 
nerves.  The  cranial  nerves  of  the  dogfish  are  broadly  similar 
to  the  corresponding  nerves  in  the  human  body.  Some  of 
more  important  differences  are  as  follows:  the  absence  in  the 
dogfish  of  the  XI  and  XII  pairs  and  of  the  cochlear  branch  of 
the  VIII  pair;  the  presence  in  the  dogfish  of  functional  gills  with 
corresponding  modifications  of  the  IX  and  X  pairs  of  nerves; 
the  presence  in  the  dogfish  of  an  extensive  special  system  of 
subcutaneous  sense  organs  structurally  (and  probably  physio- 
logically) related  to  those  of  the  internal  ear.  These  are  the 
sense  organs  of  the  lateral  line  canals  and  ampulla*  of  Lorenzini, 
for  which  there  is  a  special  system  of  nerves,  the  lateralis  com- 
ponents of  the  VII,  IX,  and  X  nerves  (see  Section  18). 

Draw  the  dissection  of  the  brain  and  cranial  nerves,  indi- 
cating the  functional  components  in  each  peripheral  nerve- 
trunk  by  colors  in  accordance  with  the  scheme  given  in  Section 
62  (p.  60),  coloring  the  lateral  line  nerves  the  same  as  the  VIII 
nm-e  (brown  or  green). 
3 
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22.  Complete  the  exposure  of  the  brain,  carefully  preserving 
the  roots  of  the  cranial  nerves. 

Now,  viewing  the  brain  from  above,  review  the  arrangement 
and  physiological  composition  of  the  cranial  nerves  and  note 
particularly  the  part  of  the  brain  with  which  each  peripheral 
end-organ  or  group  of  physiologically  similar  organs  is  related. 
Simple  inspection  shows  that  the  organs  of  smell  are  connected 
with  the  olfactory  bulbs,  and  in  fact  these  and  almost  the 
whole  of  the  cerebral  hemispheres  and  epithalamus  and  hypo- 
thalamus  form  the  olfactory  part  of  the  brain  (stippled  in  Figs. 
2  and  3) .  In  the  same  way  the  eyes  are  related  with  the  optic 
lobes  of  the  midbrain  (obliquely  cross-hatched  in  Figs.  2  and  3), 
the  ears  and  lateral  line  organs  with  the  acoustico-lateral  area 
(cross-hatched  with  horizontal  lines),  and  the  nerves  of  general 
skin  sensibility  with  the  general  cutaneous  area  (unshaded). 
Locate  precisely  these  areas  on  your  specimen. 

23.  Next  carefully  remove  the  membranous  roof  of  the  fourth 
ventricle  and  study  the  floor  of  the  fourth  ventricle,  noting  the 
following  structures,  passing  from  the  median  sulcus  laterally 
(cf.  Figs.  2  and  6) :  (1)  a  longitudinal  ridge  marking  the  position 
of  the  fasciculus  longitudinalis  medialis  ("posterior  longitudinal 
fasciculus")  and  farther  ventrally  the  position  of  the  ventral 
gray  column  of  the  spinal  cord  and  nuclei  of  the  VI,  IV,  and  III 
cranial  nerves — this  is  the  somatic  motor  column;  (2)  a  wide  longi- 
tudinal groove  parallel  with  the  last,  below  which  are  found  the 
motor  nuclei  of  the  X,  IX,  VII,  and  V  cranial  nerves — this  is  the 
visceral  motor  column  and  is  the  forward  extension  of  the  lateral 
gray  column  of  the  spinal  cord;  (3)  a  longitudinal  ridge  with  a 
beaded  contour,  which  contains  the  terminal  centers  of  the 
visceral  sensory  components  of  the  X,  IX,  and  VII  cranial 
nerves — the  visceral  sensory  column;  (4)  separated  from  the  last 
by  a  deep  groove  and  forming  the  dorso-lateral  wall  of  the  fourth 
ventricle  is  the  somatic  sensory  column.     This  column  is  the 
continuation  of  the  dorsal  gray  column  of  the  spinal  cord,  and  its 
ventral  part  contains  the  centers  for  the  general  cutaneous  nerves 
of  the  trunk  and  head.    The  dorsal  part  of  this  column  is  the 
area  acustico-lateralis,  whose  anterior  end  is  greatly  enlarged 
under  the  cerebellum,  with  which  it  is  directly  continuous.     This 
area  receives  the  VIII  and  lateral  line  nerves,  and  the  cerebel- 
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luin  is  a  spcciali/rd  derivative  of  it.    The  longitudinal  groove 
between  columns  2  and  3  is  the  sulcus  limitans  (cf.  the  develop- 
ment of  the  human  brain,  Section  38).      It  separates  motor 
centers  below  (ventrally)  from  sensory  centers  lying  far1 
dorsally. 

24.  From  these  observations  it  appears  that  the  brain  -hows 
various  external  thickenings  or  enlargements,  each  of  which  is 
related  to  a  particular  physiological  type  of  end-organ.    We 
may,  in  fact,  recognize  a  "nose  brain,"  "eye  brain,"  "ear  bra 
etc.,  and  in  addition  the  cerebellum  above  these  primary  sensori~ 
motor  centers.    There  is  no  cerebral  cortex. 

25.  Draw  the  medulla  oblongata  from  the  dorsal  side,  twice 
nai  ural  size,  after  removal  of  the  membranous  roof,  tt>  illustrate 
the  functional  areas  in  the  walls  of  the  fourth  ventricle.     In 
this  drawing  the  functional   columns  should  be  tinted  to  cor- 
respond with  the  colors  used  in  the  drawing  of  the  peripheral 
nerves  (Section  21).     Thus,  the  acoustico-lateral  area  will  be 
colored  the  same  as  the  VIII  and  lateral  line  ner  gen- 
eral somatic  sensory  area  the  same  as  the  general  cutaneous 
nerves,  etc.     The  drawing  of  the  entire  brain   called    for  in 
Section  21  may  also  be  tinted  in  the  same  way. 

26.  The  physiologically  distinct  areas  noted  in  the  preceding 
sections  tend  to  be  grouped  in  larger  regions,  the  pattern  of  this 
grouping  being  determined  in  part  by  the  primitive  segmenta- 
tion and  development  of  the  brain  and  in  part  by  physiological 
convenience. 

The  brain  is  separated  by  a  constriction  (the  isthmus)  in 
front  of  the  cerebellum  into  the  cerebrum  in  front  and 
rhombic  brain  (rhombencephalon)  below,  the  latter  being  further 
subdivided  into  the  medulla  oblongata  and  cerebellum.  The 
cerebrum  is  further  subdivided  into  (1)  the  midbrain  (mesen- 
cephalon)  containing  the  optic  lobes  dorsally  and  the  cerebral 
peduncles  and  motor  centers  for  eye  movements  ventrally,  (2) 
the  bet  ween -l>ra  in.  (diencephalon)  containing  thalamus,  • 
thalamus,  and  hypothalamus,  and  (3)  the  end-brain  (telenceph- 
alon)  comprising  the  anterior  end  of  the  brain  tube,  the  cere- 
bral hemispheres,  and  olfactory  bulbs.  Locate  these  regions 
and  compare  the  fuller  study  of  the  subdivisions  and  develop- 
ment of  the  brain  in  Section  40. 


36 
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27.  Now  remove  the  brain  from  the  cranial  cavity,  first  care- 
fully cutting  the  nerve-roots  so  as  to  permit  their  subsequent 
identification  and  avoiding  injury  to  the  olfactory  bulbs  in  front 
and  the  pituitary  body  on  the  ventral  surface.     Examine  the 
ventral  surface  and  complete  the  study  of  the  parts  listed  in 
Section  26. 

28.  Make  a  transverse  section  across  the  medulla  oblongata 
at  the  level  of  the  roots  of  the  VIII  nerves.     Compare  this  sec- 
tion with  a  similar  one  made  in  the  vagus  region  (Fig.  6)  and 
note  the  differences. 
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r  Fig.  6. — Diagrammatic  cross-section  through  the  medulla  oblongata  of 
the  dogfish  in  the  region  of  the  vagus  nerve  to  illustrate  the  innervation 
ofjthe  gills  and  the  arrangement  of  the  functional  columns  of  the  oblongata. 
The  groove  between  the  visceral  motor  column  and  the  visceral  sensory 
column  is  the  sulcus  limitans. 

Draw  the  transverse  section  at  the  level  of  the  VIII  nerves  and 
designate  on  it  the  structures  in  the  walls  of  the  -fourth  ventricle 
enumerated  in  section  23 . 

29.  Now  divide  the  entire  brain  into  two  lateral  halves  by  a 
vertical  median  cut  and  study  the  course  of  the  ventricles  as 
thus  exposed,  noting  the  narrowing  of  the  fourth  ventricle  into 
the  aqueduct  of  Sylvius  in  the  isthmus,  its  lateral  expansion  in 
the  optic  lobes  (optocele),  the  vertical  expansion  in  the  thalamus 
(third  ventricle),  and  the  connection  of  the  latter  with  the  first 
and  second  ventricles  in  the  cerebral  hemispheres  through  the 
foramen  of  Monro  (foramen  interventriculare)  on  each  side. 


IV.  THE   MAMMALIAN   NERVOUS  SYSTEM 

1.  Introductory  Topics 

30.  The  directions  which  follow  can  be  applied  to  any  «.f 
larger  mammalian  brains.  If  human  ln-aius  are  availuhi 
sufficient  numbers,  these  alone  may  be  used;  but  in  case  the 
available  human  brains  are  insufficient  in  number  or  poorly  pre-i 
served,  the  gross  dissections  may  be  made  on  brains  of  the  sheep, 
dog,  or  cat.  The  brain  of  the  sheep  is  advised.  Heads  of 
freshly  killed  lambs  can  usually  be  procured  from  the  butchers. 
As  soon  as  possible  after  the  killing  the  brain  should  be  re- 
moved and  hardened  for  a  few  days  before  use  by  immersing  it 
in  a  10  per  cent,  solution  of  commercial  formalin  in  water.  In 
this  solution  it  may  be  preserved  indefinitely. 

To  remove  the  brain,  first  loosen  the  top  of  the  skull  with  a 
saw  and  chisel.  Hold  the  head  firmly  in  a  vise  dorsal  side  up. 
First  with  a  saw  make  a  transverse  cut  from  5  to  10  mm.  deep 
across  the  top  of  the  head  about  1  cm.  behind  the  anterior 
borders  of  the  bony  orbits.  Then  along  each  side  of  the  head 
make  an  obliquely  longitudinal  saw  cut,  beginning  just  above 
the  occipital  condyles  and  extending  forward  across  the 
dorsal  surface  of  the  head  about  2  cm.  medial  to  the  inner 
border  of  the  bony  orbit.  The  lines  of  these  two  cuts  should 
follow  the  curvature  of  the  head  and  meet  in  the  mid- 
dorsal  plane  about  2  cm.  in  front  of  the  transverse  cut  al- 
ready made  and  the  saw  should  be  inclined  about  45  degrees 
downward  and  inward.  Avoid  cutting  so  deeply  as  to  enter  the 
l)i. -un  substance.  Then  make  a  very  shallow  transverse  cut 
through  the  cranium  immediately  above  the  occipital  condyles. 
With  chisel  and  mallet  clip  through  the  occipital  condyles  be- 
hind the  cut  last  made,  and  also  break  the  remaining  bridge  of 
bone  medially  of  each  bony  orbit.  The  top  of  the  cranium 
may  now  be  pried  loose  with  the  chisel  and  lifted  off.  The  dura 
mater  should  be  cut  around  with  scissors  along  the  line  of  the 
cut  surface  of  the  skull  and  the  ventral  part  of  the  dura  left 
attached  to  the  skull  floor.  Lift  up  the  brain  from  the  cranial 
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floor  and  cut  the  nerve-roots  with  a  slender  scalpel  or  scissors. 
Carefully  free  the  anterior  and  ventral  surfaces  of  the  olfactory 
bulb  from  the  lamina  cribrosa  of  the  ethmoid  bone,  cutting  off 
the  filaments  of  the  olfactory  nerve.  Cut  out  the  hypophysis 
from  its  cranial  pocket  in  the  sella  turcica  and  leave  it  attached 
to  the  brain  by  the  slender  infundibulum.  The  brain  may  now 
be  lifted  out  of  the  cranial  cavity  and  preserved  in  formalin. 

31.  As  stated  above,  most  of  the  dissections  described  in  this 
Outline  can  be  made  on  either  human  or  other  brains.     If  brains 
of  the  sheep  (or  dog  or  cat)  are  used,  specimens  and  text-book 
figures  of  the  human  brain  should  be  kept  constantly  at  hand  for 
comparison.     A  certain  number  of  special  dissections  illus- 
trating particular  features  should  be  made  in  advance  and  pre- 
served permanently.     These  should  be  made,  if  possible,  'on 
human  brains  and  should  include,  among  others,  three  brains 
sliced  respectively  in  planes  parallel  with  the  transverse,  frontal, 
and  sagittal  planes  of  the  body.     Valuable  demonstration  speci- 
mens may  also  be  made  by  following  out  the  directions  for  dis- 
secting the  several  fiber  systems  given  in  the  "optional  dissec- 
tions" (Sections  102-111  and  141-152),  using  a  separate  brain 
or  half  brain  for  each  system. 

If  only  one  human  brain  is  available  for  study,  it  is  advised 
that  it  be  dissected  as  directed  by  Dr.  Lineback  ('15).  By  this 
procedure  the  brain  is  first  divided  in  the  median  plane  into  right 
and  left  halves  and  one  of  these  halves  is  then  further  dissected 
by  a  single  carefully  planned  incision  so  as  to  remove  a  con- 
siderable portion  of  the  cerebral  hemisphere  from  the  brain  stem 
and  at  the  same  time  reveal  the  internal  structure  of  the  hemi- 
sphere. The  method  has  the  further  advantage  that  the  three 
parts  into  which  the  brain  is  cut  can  readily  be  reassembled, 
so  that  the  specimen  can  still  be  used  for  demonstration  of  the 
external  form  in  its  entirety. 

32.  The  dissection  of  many  fiber  tracts  can  be  carried  much 
farther  in  well-preserved  human   brains  than  is  possible   in 
brains  of  lower  animals.     Accordingly,  there  are  included  in 
this  Outline  directions  for  a  certain  number  of  "optional  dissec- 
tions" (Sections  102-111,  141-152),  for  which  human  brains 
well  hardened  in  formalin  are  necessary.     All  of  the  dissections 
here  outlined,  except  a  few  of  the  "optional  dissections"  can  be 
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made  on  one  lateral  half  of  a  single  well-preserved  human  brain 
and  all  except  the  "optional  dissections"  can  be  made  on  the 
brain  of  the  sheep,  though  a  better  mastery  of  the  subject  will 
be  obtained  by  following  "this  first  dissection  with  a  se< 
specimen,  varying  the  procedure  as  may  be  necessary  to  bring 
out  any  special  features  desired.  If  time  and  material  permit, 
it  is  recommended  that  one  specimen  (either  human  or  sheep) 
be  dissected  through  as  directed  and  the  microscopic  prepara- 
tions studied,  and  then,  with  the  aid  of  the  experience  thus 
acquired,  the  more  difficult  "optional  dissections"  may  be  made 
on  a  second  specimen,  the  human  brain  being  used  in  this  case. 
This  Outline  is  prepared  with  this  procedure  in  mind;  but  it 
should  be  repeated  that  the  directions  for  the  use  of  the  brain 
of  the  sheep  can  be  applied  to  the  human  brain  as  well,  if  this 
is  preferred.  A  very  satisfactory  study  of  the  brain  can  be 
made  on  gross  material  alone  if  microscopic  sections  are  not 
at  hand,  though  a  few  such  preparations  illustrating  the  histo- 
logical  elements  are  very  desirable. 

The  practice  at  The  University  of  Chicago,  where  twelve  weeks 
are  allotted  to  the  course  in  neurology,  is  to  provide  each 
student  with  an  entire  sheep's  brain  and  one  lateral  half  of  a 
human  brain  taken  from  a  dissecting-room  cadaver.  Through- 
out the  study  of  the  external  form  of  the  brain  both  specimens 
are  kept  before  the  student  and  every  part  studied  is  identified 
on  both  brains  and  the  differences  noted.  On  this  material  all 
of  the  dissections  here  outlined  can  be  made,  with  the  exception 
of  some  of  the  "optional  dissections,"  for  which  the  cadaver 
brains  are  usually  not  sufficiently  well  preserved.  A  limited 
number  of  better  preserved  formalin  hardened  human  brains  are 
set  aside  for  the  use  of  any  students  who  can  give  the  necessary 
additional  time  for  the  optional  dissections,  these  dissections 
being  made  in  a  review  course  after  the  completion  of  the  other 
work.  If,  as  just  suggested,  a  second  specimen  of  the  human 
brain  is  dissected,  the  cerebellum  should  not  be  removed  as 
directed  in  Section  49,  thus  permitting  a  more  complete  dis- 
section of  the  cerebellar  peduncles  (see  Sections  103-105) 
This  specimen,  however,  may  be  divided  in  the  median  plane, 
for  the  optional  dissections  are  so  planned  that  all  of  them  can  be 
made  on  one  lateral  half  of  one  brain. 
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33.  In  the  interest  of  economy,  both  of  material  and  of  the 
student's  time,  it  is  desirable  that  in  the  first  dissection  the 
order  of  procedure  here  outlined  be  followed  exactly.  In  par- 
ticular, in  the  dissection  of  the  sheep  (or  of  the  human  brain  in 
case  this  is  used  for  the  first  dissection)  where  some  of  the 
dissections  are  to  be  made  on  the  right  side  of  the  brain  and  some 
on  the  left,  the  dissection  must  be  made  on  the  side  directed  in 
order  not  to  interfere  with  later  procedures.  The  appropriate 
portion  of  the  Laboratory  Outline  should  be  read  and  text- 
books consulted  before  each  laboratory  exercise,  and  a  certain 
general  familiarity  with  the  parts  to  be  studied  thus  secured  in 
advance. 

Both  laboratory  and  lecture  work  should  be  daily  supple- 
mented by  careful  study  of  the  text-books  and  atlases.  But  the 
laboratory  notebook  is  primarily  a  record  of  your  own  observa- 
tions. The  notebook  should  always  show  the  source  of  any 
second-hand  matter  introduced  from  text-books  and  other 
authorities  by  way  of  correlation.  Record  the  observations  so 
far  as  possible  by  drawings.  Make  them  neat.  See  that  they 
are  fully  and  neatly  labeled.  When  for  any  reason  the  drawings 
specified  do  not  record  fully  or  faithfully  your  observations,  sup- 
plement them  by  written  notes.  These  must  be  written  in  ink 
and  should  be  interleaved  with  the  drawings.  Each  page  of 
drawings  should  have  an  appropriate  heading.  Do  not  crowd 
your  drawings;  avoid  especially  the  promiscuous  mixing  of  un- 
related notes  on  the  same  page.  Excellent  directions  for  labor- 
atory drawing  will  be  found  in  the  first  thirty  pages  of  Hardesty's 
Laboratory  Guide  for  Histology  ('08)  and  in  Guyer's  Animal 
Micrology  ('17),  pp.  159-172. 

34.  Terminology. — The  confusion  in  the  use  of  terms  has  been 
more  serious  in  neurology  than  in  most  other  departments  of 
anatomy  The  only  widely  used  standard  is  the  official  list  of 
the  German  Anatomical  Society,  commonly  referred  to  as  the 
B  NA  (see  Barker's  Anatomical  Terminology  and  Eycleshymer's 
Anatomical  Names),  and  it  is  necessary  to  be  familiar  with 
these  terms;  they  should  be  used  in  your  laboratory  notes. 
Some  of  our  anatomists,  however,  do  not  use  these  terms  con- 
sistently. Accordingly,  the  student  must  be  familiar  with  some 
other  of  the  more  commonly  used  names  also.  The  B  NA  terms 
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or  their  English  equivalents  are  used  in  this  Outline,  save  that 
dorsal  and  ventral  are  substituted  for  posterior  and  anterior  and 
Ili.it  some  fiber  tracts  (notably  in  the  spinal  cord)  are  gi 
names  of  clearer  physiological  significance.    A  list  of  synonyms 
of  anatomical  terms  is  appended  to  W.  Krause's  Handbucli 
Anatomic,  Leipzig,  1905,  and  a  more  complete  list  in 
hymer's  work  ('17)  already  cited. 

35.  Suggestions  regarding  dissection  methods. — The  study  of 
the  internal  structure  of  the  brain  may  be  made  cit  h<  -r  I  >y  tearing 
or  teasing  with  blunt  instruments,  or  by  making  series  of  gross. 
and  microscopic  sections  through  the  brain  in  various  planes. 
A  siirpiHmulv  laniv  amount  of  detail  can  be  seen  in  well-pre- 
pared .HT<I>S  srrtinns  (cf.  Barker  and  Kyes,  '00),  but  tl 
pretation  of  this  detail  is  very  difficult  unless  the  complex  form 
relations  of  the  parts  have  been  previously  determined  by 
other  methods  of  dissection.    The  gross  and  microscopic  struc- 
ture of  the  brain  should  be  correlated  so  far  as  possible  from 
the  start,  and  an  effort  should  be  made  to  form  some  idea,  even 
though  imperfect,  of  the  functional  significance  of  every  part 
as  soon  as  it  is  observed. 

Great  care  must  be  used  in  brain  dissection.  Do  not  begin  the 
dissection  until,  by  the  study  of  the  surface  anatomy  and  of 
figures  in  text-books  and  atlases,  as  well  as  by  reading,  you  have 
a  clear  idea  of  the  relative  positions  and  connections  of  the 
deep  structures  to  be  dissected.  Sharp  instruments,  such  as 
scalpels  and  scissors,  should  be  used  only  when  indicated  in  the 
directions.  Avoid  as  far  as  possible  the  contact  of  metal  with 
the  brain  tissue.  For  teasing,  use  a  sharpened  orange-wood  or 
bone  manicure  stick.  Tracts  should  oe  dissected  out  in  the 
direction  in  which  the  fibers  run,  since  teasing  at  right  angles 
breaks  the  fibers,  thus  making  it  impossible  to  confirm  tl 
course,  and  finally  produces  an  untidy  dissection. 

36.  Parallel  with  the  examination  of  the  gross  anatomy  of 
rach  part  of  the  brain,  microscopic  sections  should  be  studied 
illustrating  its  histological  structure.    These  sections  should 
include  transverse  sections  through  the  spinal  cord  at  four  levels 
(cervical,  thoracic,  lumbar,  and  sacral)  and  a  series  through  the 
medulla  oblonjiat  a  :md  pons.     At  least  six  levels  of  the  medulla 
oblongata  should  be  studied,  and  more  if  possible.    Similar 
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sections  through  the  midbrain  and  thalamus  are  also  very  desir- 
able, though  somewhat  more  difficult  to  prepare  (cf.  Sheldon, 
'14).  The  student  should  also  study  as  many  microscopic  prep- 
arations as  possible  of  special  regions  of  the  brain  and  sense 
organs,  particularly  of  the  spinal  cord  and  the  cerebral  and 
cerebellar  cortex,  illustrating  the  appearances  of  particular 
structures  when  prepared  by  the  methods  of  Weigert,  Nissl, 
Golgi,  Cajal,  Marchi,  etc. 

37.  If  microscopic  preparations  are  not  available,  it  will  be 
found  practicable  to  select  from  the  following  paragraphs 
those  which  apply  to  the  gross  material  only  (see  Courses 
I,  III,  IV,  and  V,  pp.  11,  12).  Gross  transverse  sections 
through  the  human  brain  at  the  levels  indicated  in  Section  62 
will  show  many  details  of  internal  structure,  including  the 
location  of  the  principal  gray  masses  and  fiber  tracts.  In  mak- 
ing the  gross  sections  the  incisions  should  be  made  parallel  to 
each  other  and  at  right  angles  to  the  long  axis  of  the  medulla 
oblongata  as  far  forward  as  the  midbrain  (levels  1  to  9,  Section 
62) .  In  front  of  this  region  the  cuts  should  no  longer  be  made 
parallel,  but  so  inclined  toward  each  other  ventrally  as  to  make 
each  slice  somewhat  wedge  shaped  with  the  large  end  of  the 
wedge  dorsal.  In  this  way  allowance  is  made  for  the  flexure  of 
the  cerebral  hemispheres  upon  the  midbrain  and  the  plane  of 
section  is  kept  approximately  transverse  to  the  curved  long  axis 
of  the  brain. 

Hlven  if  microscopic  sections  through  all  or  a  part  of  the  brain 
stem  are  available,  a  brain  should  be  prepared  for  demonstra- 
tion purposes  by  gross  section  as  described  above  to  facilitate 
the  localization  of  the  microscopic  sections  and  their  interpre- 
tation in  terms  of  the  external  form  of  the  intact  brain. 

If  the  laboratory  work  is  limited  to  the  study  of  gross  material 
alone,  it  is  recommended  that  the  student  read  also  those  sec- 
tions of  the  Outline  which  give  directions  for  the  study  of 
'microscopic  sections,  and  with  the  aid  of  the  references  given  at 
the  close  of  each  section  consult  in  text-books  and  atlases  figures 
of  corresponding  sections. 

The  primary  purpose  of  this  study  is  to  gain  an  understanding 
of  the  functional  connections  of  the  various  parts  of  the  nervous 
system,  and  this  end  should  be  constantly  kept  in  mind.  Daily 
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consultation  of  reference  books  in  connection  with  each  struc- 
ture studied  in  the  laboratory  is  indispensable.  The  fiber  tracts 
should  U'  related  to  each  other  in  functional  systems  of  reflex 
arcs  as  rapidly  as  possible.  Compare  the  lists  given  in  the 
sections  devoted  to  the  recapitulation  of  conduction  paths 
(Sections  101  and  153). 

38.  Subdivisions  of  the  brain. — For  convenience  of  study  tin- 
central  nervous  system  has  been  separated  somewhat  arbitrarily 
into  subdivisions  which  are  more  clearly  defined  in  the  embry- 
onic brain.    These  subdivisions  should  be  identified  on  a  series 
of  wax  models  of  developmental  stages  of  the  human  brain,  such 
as  the  His  models  manufactured  by  Ziegler,  and  also  on  the 
adult  brains  of  man  and  other  mammals. 

The  following  references  include  accounts  of  the  development 
of  the  brain  and  the  principles  of  its  subdivision,  together  with 
illustrations  of  the  His  models:  Bailey  and  Miller  ('16),  pp.  532- 
557;  Herrick  ('15),  Chap.  VII;  His  ('04);  Keibel  and  Mall  ('10), 
Vol.  II,  pp.  29-106;  Sheldon  ('18),  Chaps.  I  to  III.  Almost 
every  text-book  of  human  anatomy  and  embryology  includes 
some  account  of  these  questions  and  pictures  of  the  models. 
The  official  list  of  BNA  terms  is  reprinted  in  Eycleshymer's 
Anatomical  Names  ('17)  and  also  a  translation  of  the  annota- 
tions by  Professor  His  on  the  neurological  terms  (pp.  153-174). 

39.  Brain  of  fetal  pig. — Take  two  pig  embryos,  about  3  cm. 
and  about  5  cm.  in  length  respectively,  which  have  been  pre- 
served in  10  per  cent,  formalin.    Dissect  out  the  brains  from 
the  side,  or  else  cut  the  embryos  in  the  median  sagittal  plane. 
The  larger  embryo  can  be  more  conveniently  dissected  and  the 
smaller  one  sectioned.    They  may  be  stained  for  five  minutes 
in  a  dilute  solution  of  methylene-blue  (about  1  part  in  10,000 
parts  water)  if  desired.     Determine  the  five  brain  vesicles  with 
the  aid  of  a  dissecting  microscope  or  a  hand  lens,  draw  them,  and 
compare  them  with  the  His  models  and  the  adult  brain.     1 

is  the  procedure  followed  in  the  Anatomical  Laboratory  of  Johns 
Hopkins  University,  for  which  we  are  indebted  to  Dr.  K.  \  . 
Cowdry. 

40.  Here  review  the  dissection  of  the  fish  brain  and  determine 
the  precise  limits  of  its  chief  subdivisions  in  comparison  with 
those  of  the  embryonic  human  brain.     Note  particularly  the 
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relative  size  of  the  cerebral  hemispheres  in  the  brains  of  various 
animals  and  that  certain  other  parts  of  the  brain  tend  to  vary 
with  the  size  of  the  cerebral  cortex  (thalamus,  pons,  cerebe.lar 
hemispheres,  etc.).  These  parts  are  known  as  cortical  depend- 
encies. It  should  be  borne  in  mind  that  these  gross  subdivisions 
are  not  functionally  independent,  but  are  connected  by  long 
tracts  of  fibers. 

2.  External  Anatomy 

41.  Spinal  nerves  of  fetal  pig. — In  a  fetal  pig  of  8  or  10  cm. 
dissect  the  spinal  cord  and  nerves.     First  eviscerate  the  fetus 
through  a  median  ventral  incision.     In  the  dorsal  wall  of  the 
abdomen  note  the  spinal  nerves  segmentally  arranged  and  pass- 
ing out  from  the  midline  of  the  body.     Find  the  sympathetic 
trunk  and  its  ganglia  extending  along  either  side  of  the  ver- 
tebral column.     Trace  the  communicating  branches  (rami  com- 
municantes)  by  slight  dissection  from  the  sympathetic  ganglia 
into  the  body  wall  to  their  connections  with  the  spinal  nerves. 
Note  nerves  radiating  from  the  sympathetic  ganglia,  many  of 
which  go  to  form  the  aortic  plexus;  others  cross  the  vertebral 
column  and  connect  with  ganglia  of  the  opposite  side,  while 
still  others  pass  to  more  distal  sympathetic  ganglia  (cf .  Section 
69). 

Draw  the  dissection  at  this  stage,  showing  two  or  three  spinal 
nerves  in  position  and  their  connections  with  the  sympathetic 
ganglia  and  with  the  related  peripheral  nerves. 

42.  Spinal  cord  of  fetal  pig. — Now  place  the  fetus  on  the 
abdomen  with  the  limbs  extended.     Make  an  incision  in  the 
dorsal  midline  along  the  entire  length  of  the  body  and  remove 
the  muscles  and  other  soft  parts  adjacent  to  the  vertebral 
column,  working  laterally  from  the  midline.    Then  with  bone 
forceps  or  strong  scissors  expose  the  spinal  cord  by  clipping  the 
neural  arches  of  the  vertebrae  as  close  to  the  intervertebral  for- 
amina as  possible.     Take  care  to  avoid  crushing  or  otherwise 
injuring  the  structures  lying  in  the  vertebral  canal.     Examine 
the  meninges  of  the  spinal  cord;  then  expose  the  cord  and  dissect 
several  spinal  nerves  of  one  side  sufficiently  to  show  the  spinal 
ganglia  and  the  adjoining  portions  of  the  spinal  nerve  trunks. 

43.  Make  a  transverse  section  through  the  fetus  in  the  tho- 
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racic  region  and  construct  a  diagram  magnified  i  u<>  <»r  four  diam- 
eters to  illustrate  the  relations  of  the  spinal  cord,  spinal  nerves, 
spinal  ganglia,  and  sympathetic  ganglia,  with  their  peripheral 
connections,  to  the  body  wall  as  seen  in  the  transverse  section. 

44.  Spinal  cord,  gross  structure. — Note  in  the  intact  human 
spinal  cord  (medulla  spinalis)  the  following  external  features: 
the  size,  shape,  length,  segmentation,  the  cervical  and  lumbar 
enlargements  (intumescentise),  ventral  and  dorsal  nerve  roots, 
ganglia,  membranes  (meninges),  ligamentum  denticulatum. 
Determine  the  location  of  the  four  transverse  sections  of  the 
human  cord  which  have  been  distributed.  Review  from  the 
text-books  the  anatomical  formation  of  the  spinal  column,  the  re- 
lations of  the  cord  segments  to  their  respective  vertebra  (Reid's 
chart),  the  blood-supply  of  the  spinal  cord,  its  method  of  suspen- 
sion in  the  vertebral  canal,  and,  as  far  as  possible,  the  relations 
of  the  spinal  nerve  roots  to  their  peripheral  distributions. 

Cunningham  ('15),  Figs.  459-465,  pp.  517-522,  and  pp.  685- 
753;  Morris  ('14),  pp.  752,  756,  771-775, 914,  919-921, 964-974; 
Quain  ('09),  Vol.  Ill,  Part  1,  pp.  58-68;  Vol.  Ill,  Part  2,  pp.  52- 
148;  Piersol  ('13),  pp.  1021-1028, 1054,  1278,  and  the  following 
pages;  Reference  Handbook  of  the  Medical  Sciences,  3d  ed., 
Vol.  7,  article  Spinal  Cord;  Sheldon  ('18),  chapters  IV  and  V; 
Spalteholz  ('09),  Vol.  Ill,  pp.  617-623;  Toldt  ('04),  pp.  752-759 
and  810,  ff. 

*  45.  Brain  membranes. — Each  student  should  be  supplied  if 
possible  with  a  sheep's  brain  and  one  lateral  half  of  a  human 
brain.  The  intact  human  brain  will  first  be  examined  by  two 
students  at  adjacent  desks  before*  being  cut  into  halves. 

Study  the  brain  membranes  (meninges)  and  blood  supply  of 
the  sheep's  brain,  especially  the  circle  of  Willis  (cf.  Burkholder, 
('12),  Plate  IV)  and  the  other  vessels  of  the  ventral  surface, 
and  compare  with  the  human.  Review  f mm  the  reference  books 
the  form  of  the  human  skull  and  its  foramina  with  their  contained 
nerves  and  blood-vessels;  also  the  arterial  and  venous  blood 
supply  and  the  lymph  spaces  of  the  brain  and  meninges. 

See   Cunningham   ('15),   pp  -77  (meninges),  pp.  900- 

908,  also  pp.  969-976  (blood  supply);  Morris  ('14),  pp.  903- 
924;  Piersol  ('13),  pp.  730-753  (blood  supply),  pp.  1197-1209 
(meninges);  Quain  ('09),  Vol.  Ill,  Part  1,  pp.  320-339;  Sheldon 
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('18),  chapters  XIII,  XIV,  XV.    On  the  cerebro-spinal  fluid,  see 
Halliburton  (;16);  Weed  ('14). 

46.  Surface  anatomy  of  the  brain. — With  the  intact  human 
brain  and  the  sheep's  brain  before  you,  examine  and  compare 
their  external  forms.  Now  compare  both  of  these  brains  with 
that  of  the  dogfish.  Identify  in  each  brain  the  chief  subdivisions 
referred  to  in  Section  38,  so  far  as  these  are  visible  from  the  sur- 
face. After  the  brain  has  been  cut  in  two,  as  directed  in  Section 
58,  some  of  these  subdivisions  will  be  more  clearly  seen.  In 


verrmis 


b.ol 

^trap. 

Fig.  7. — The  brain  of  the  sheep  seen  from  the  right  side.  Natural  size. 
b.ol.,  olfactory  bulb;  f.lat.,  fissura  lateralis  (Sylvii);  floe.,  flocculus;  f.rh., 
fissura  rhinalis;  g.f.i.,  gyrus  frontalis  inferior;  g.orb.,  gyrus  orbitalis;  //  to 
XII,  cranial  nerves;  lob.pir.,  lobus  piriformis  (gyrus  hippocampi);  n.ol.L, 
nucleus  olfactorius  lateralis;  pfl,  paraflocculus;  trap.,  corpus  trapezoideum. 

what  parts  of  the  brain  do  you  find  the  greatest  resemblances  in 
the  three  species;  where  the  greatest  differences? 

Learn  the  names  of  the  larger  structures  visible  upon  the 
surface  of  the  brain,  omitting  the  minor  subdivisions  of  the 
cerebellum  and  (for  the  present)  the  sulci  and  gyri  of  the  cere- 
bral cortex,  for  the  study  of  which  see  Sections  114  and  115. 

On  the  brain  of  the  sheep  see  Figs.  7  to  12,  and  for  additional 
illustrations  consult  Burkholder  ('12)  and  Fiske  ('13);  for  the 
human  brain  consult  any  standard  text-books. 

47.  The  cranial  nerves. — (a)  Locate  on  both  the  sheep  and  the 
human  brains  the  roots  of  the  twelve  pairs  of  cranial  nerves. 
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(b)  The  composition  of  the  cranial  nerves  of  the  dogfish  has 
I  xvn  considered  in  Sections  15  to  19,  and  this  should  here  be 
reviewed.    Even  if  the  laboratory  course  has  not  included  the 
dissection  of  the  dogfish,  these  sections  of  the  Outline  should  be 
read  at  this  time.     Chapter  IX  of  Herrick's  Introduction  ('15) 
should  also  be  carefully  read  and  the  general  principles  of  the 
analysis  of  the  cranial  nerves  into  functional  components  mas- 
tered: cf.  also  Herrick  ('15),  Chapter  V,  and  Sheldon  ('18). 
The  components  of  the  cranial  nerves  of  a  number  of  verte- 
brates have  been  analyzed  microscopically.    For  an  excellent 
summary  and  discussion  of  these  studies,  which  are  of  funda- 
mental importance  for  the  proper  interpretation  of  the  human 
nervous  system,  see  Johnston  ('06)  and  ('09). 

(c)  Review  from  the  text-books  of  human  anatomy  the  periph- 
eral distribution  of  the  cranial  nerves,  giving  especial  attention 
to  the  classification  of  the  various  roots  of  these  nerves  into 
functionally  similar  groups  or  systems 'and  the  peripheral  dis- 
tribution and  mode  of  termination  characteristic  of  each  system. 
In  addition  to  the  references  cited  in  the  preceding  paragraph  the 
following  may  be  consulted:  Bailey  ('16),  pp.  551,  552;  Morris 
('14),  pp.  927,  ff.;  Reference  Handbook  of  the  Medical  Sciences, 
3d  ed.,  article  Cranial  Nerves. 

(d)  The  nervus  ierminalis. — This  is  a  slender  nerve  associated 
with  the  olfactory  nerve  which  is  not  described  in  most  text- 
books of  anatomy,  for  its  presence  in  the  human  body  has  very 
recently  been  demonstrated.     It  has  long  been  known  in  fishes 
and  can  readily  be  seen  in  a  dissection  of  the  dogfish  (cf.  Sei 

17, 1) .  Peripherally  this  nerve  is  distributed  under  the  olfactory 
mucous  membrane,  but  the  exact  mode  of  ending  has  not  been 
determined.  Its  fibers  accompany  those  of  the  fila  olfactoria, 
but  do  not  enter  the  olfactory  bulb.  In  the  adult  man  they  pass 
beyond  the  olfactory  bulb  and  extend  farther  backward,  usually 
in  several  very  slender  strands  embedded  in  the  pia  mater  over 
the  gyrus  rectus,  to  enter  the  brain  substance  at  or  near 
anterior  border  of  the  medial  olfactory  stria.  Ganglion  cells 
are  scattered  along  their  peripheral  course.  The  intracranial 
course  of  the  nervus  terminalis  can  usually  be  seen  in  a  formal- 
inized  brain  with  the  aid  of  a  strong  magnifying  glass. 

For  recent  descriptions  of  the  mammalian  nervus  terminalis 
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see:  Brookover  (;14)  and  ('17) ;  Huber  and  Guild  ('13) ;  Johnston 
('13)  and  ('14);  McCotter  ('13).  On  the  relation  of  a  special 
part  of  the  olfactory  nerve  to  the  vomeronasal  organ  (Jacobson's 
organ)  see  McCotter  ('12)  and  ('17). 


—      Bulbus  olfactorius 


tr.  olf.  med. 

tr.  olf.  intenned. 

'\.    Ay— 

tr.  olf.  lat. 
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Fig.  8. — The  brain  of  the  sheep  seen  from  the  ventral  side.  Slightly 
reduced,  c.mam.,  corpus  mamillare;  c.trap.,  corpus  trapezoideum;  d.b.B., 
diagonal  band  of  Broca;  lob.pir.,  lobus  piriformis;  n.III  to  n.XI  I,  cranial 
nerves;  nuc.olf.lat.,  nucleus  olfactorius  lateralis;  ped.cer.,  pedunculus  cer- 
ebri;  fr.oZ/.interraecL,  tractus  olf actoriusintermedius;  tr. olf. lat.,  tractus  olf  ac- 
torius  lateralis;  tr.olf.med.,  tractus  olfactorius  medialis;  tr.ped.tr.,  tractus 
peduncularis  transversus;  tuberc.olf.,  tuberculum  olfactorium  (intermediate 
olfactory  nucleus,  part  of  the  anterior  perforated  space). 


48.  Brain  stem  and  cortex. — Observe  the  relations  of  the  cere- 
bral cortex  (which  makes  up  the  greater  part  of  the  cerebral 
hemispheres)  and  the  cerebellum.  With  a  scalpel  cut  off  a  slice 
about  1  cm.  thick  from  the  posterior  pole  of  the  left  cerebral 
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hemisphere  and  a  similar  dice  I'mm  tin-  left  lateral  border  «.f  the 
cerebellum.  (  'ompare  the  cut  -urfaces  and  observe  in  each  the 
relation-  of  the  superficial  gray  matter  (cortex)  to  the  underi 

white  matter.     The  cerebral  cortex  and  cerebellum  make  up 
Buprasegmental  apparatus,  as  distinu;iii-h»  •<!   >">ni  the  spinal 
cord  and  l>rain  Mem,  of  -eumental  apparatus;  see  Hem 
Chap.  VII,  and  A.  Meyer    (>S),  pp.  136-147. 

The  isthmus  is  a  constriction  of  the  l.rain  in  I'n.nt  of  the 
medulla  oblongata  and  cerebellum.  It  divide-  the  brain  into 
rhombencephalon  and  cerebrum.  The  rhombenoephaloo  will  be 
examined  before  the  cerebrum.  Each  of  these  subdivisions- 
consists  of  a  basal  or  segmental  part  ami  a  >uprasegmental  part 
(cerebellum  and  cerebral  cortex  respect  ively.  The  supraseg- 
mental  apparatus  overlaps  the  brain  base,  or  brain  stem,  whose 
functions  it  correlates. 

49.  The  rhombencephalon.  —  In  both  the  human  and  the  sheep's 
brains  observe  the  mode  of  attachment  of  the  cerebellum  to  the 
medulla  oblongata,  or  bulb.     With  a  scalpel  cut  these  attach- 
ments (cerebellar  peduncles)  on  each  side,  remove  the  cere- 
bellum, and  lay  it  aside  for  future  study,  performing  this  opera- 
tion first  on  the  sheep's  brain,  then  on  the  human.     These  pe- 
duncles should  be  severed  as  high  up  as  possible,  cutting  into  t  he 
substance  of  the  cerebellum  somewhat  rather  than  into  the  sub- 
stance of  the  medulla  oblongata.      In  makiim  tin-  direction  be 
careful  not  to  injure  the  delicate  membranes  lying  below  tin 
cerebellum  and  forming  the  roof  of  the  fourth  ventricle.     This 
can  readily  be  accomplished  in  the  sheep's  brain.     Unless 
human  brain  is  well  preserved,  these  membranes  may  be  de- 
stroyed in  this  case. 

50.  The  cavity  of  the  rhombencephalon  is  the  fourt  h  vent  ride 
fricnlus  ijHdrtus  or  fossa  rhbmboidea).    The  cerebellum  itself 

forms  the  roof  of  this  ventricle  for  a  short  distance  between  the 
cerebellar  peduncles.  In  front  of  this  level  in  the  isthmu-  region 
the  roof  is  formed  by  a  thin  sheet  of  nervous  tissue.  the  anterior 
medullary  velum  (velum  medullare  anterius).  Behind  this  l< 
the  roof  of  the  fourth  ventricle  (tegmen  fossce  rhomboidece)  is  a 
thin  non-nervous  membrane,  a  part  of  which  is  highly  vas- 
cular and  much  folded:  this  is  the  chorioid  plexus  of  the  fourth 
ventricle.  If  this  membrane  i-  intact,  carefully  pick  it  up  with 
1 


50 


LABORATORY  OUTLINE  OF  NEUROLOGY 


forceps  or  float  it  out  under  water  and  determine  the  line  of  its 
attachment  to  the  massive  wall  of  the  medulla  oblongata  on 
each  side.  This  line  of  attachment  is  the  tcenia  of  the  fourth 
ventricle  (see  Fig.  11;  Morris  ('14),  5th  ed.,  Fig.  639;  Spalteholz 
('09),  Figs.  695,  703). 

Note   that   immediately   behind   the   cochlear   nucleus   the 
tsenia  turns  abruptly  to  the  lateral  margin  of  the  medulla  ob- 
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Fig.  9. — The  brain  of  the  sheep  seen  from  the  dorsal  side.  Slightly 
reduced.  On  the  left  side  the  areas  of  electrically  excitable  motor  cortex 
are  shown  after  the  researches  of  Simpson  and  King  (1911). 


longata,  thus  forming  the  lower  boundary  of  a  wide  expansion  of 
the  fourth  ventricle,  the  lateral  recess,  which  extends  dorsally 
over  the  cochlear  nucleus. 

51.  The  fossa  rhomboidea. — Next  remove  the  membranous 
roof  of  the  fourth  ventricle  of  the  sheep  and  examine  carefully 
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the  dorsal.  lateral,  .UK!  ventral  surfaces  of  the  medulla  oblom 
Identify  all  the  parts  named  on  Figs.  11  and  12. 

In  the  human  l>rain  also  remove  the  iwinl.ranou-  poof  <»f  th<- 
fourth  ventricle  and  compare  lie  «  \t<  inal  form  and  the  sculpt  ur- 
iim  in  tlie  floor  of  the  fourth  ventricle  with  that  of  the  sheep  and 
of  the  dogfish  (Section  23).     The  following  references  will  aid 
in  the  interpretation  of  the  floor  of  the  fourth  ventricle:  <  'un- 
nm-ham  ('15),  Figs.  477,  479,  482,  pp.  542,  544,  550  resp. 
ively;  Morris  ('14),  Figs.  631,  640,  647,  pp.  802,  814,  821 
spectively;  Piersol  ('13),  Figs.  918,  948,  949,  pp.  1067,  1097,  1098 
respectively;  Quain  ('09),  Fig.  150,  p.  1M:  Haul.er-KnP 
Figs.  543,  544,  pp.  465,  466;  Reference  Handbook  of  the  Medical 
Sciences,  article  Brain  Anatomy,  Vol.  II,  pp.  283-285;  Sheldon 
('18),  Chap.  VII;  Spalteholz  ('09),  Fig.  698,  p.  630;  Toldt  ('04), 
Figs.  1178-1181,  pp.  768,  769;  Weed  ('14a). 

52.  In  all  of  these  cases  (dogfish,  sheep,  embryonic,  and  adult 
human)  there  is  a  deep  median  sulcus  in  the  floor  of  the  fourth 
ventricle.     Laterally  of  this  is  a  slender  somatic  motor  coin 
seen  as  a  continuous  ventricular  ridge  in  the  dogfish,  but   in- 
terrupted in  places  in  man  and  the  sheep.     In  the  latter  cases 
this  column  (the  eminentia  medialis,  BNA)  includes  the 
gonum  hypoglossi,  the  funiculus  teres  (see  Fig.  11)  and  the  col- 
liculus  facialis  which  is  sometimes  called  the  eminentia  abdu- 
centis  and  below  which  are  the  VI  nucleus  and  root-fibers  of  the 
VII  nerve.     In  the  midbrain  the  III  and  IV  nuclei  also  belong 
in  this  column,  and  throughout  its  length  the  longitudinal  medial 
fasciculus  runs  immediately  below  the  ventricular  floor  (see 
Section  92). 

53.  Visceral  motor  column.  —  In  the  dogfish  the  visceral  m< 
nuclei  of  the  cranial  nerves  form  a  longitudinal  column  lying 
laterally  of  the  somatic  motor  column  and  somewhat  dee; 

In  mammals  some  of  these  nuclei  appear  on  the  ventricular 
floor,  but  most  of  them  lie  too  deep  to  be  located  by  sur 
study.     The  ala  cinerea  (or  trigonum  vagi)  is  an  eminence  \\  hich 
marks  the  position  of  the  dorsal  motor  nueleus  of  the  vagus 
•lieueral  visceral  efferent).     The  special  visceral  nucleus  of  the 
IX  and  X  nerves  (nucleus  am  l>i  mi  u>    is  not  vi-iMe  from  tb 
face.     Similarly   the   visceral   motor   nuclei   of   the   VII    :n 
nerves   lie  too  deep  to  he  marked   on  the  floor  of  the  \< 
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though' root-fibers  from  the  motor  VII  nucleus  form  a  curious 
knee-shaped  bend  (the  genu)  which  forms  a  part  of  the  colliculus 
facialis. 

54.  Sulcus  limitans. — In  embryonic  brains  there  is  a  longi- 
tudinal limiting  sulcus  which  separates  the  ventro-medial  motor 
columns  from  the  dorso-lateral  sensory  columns.     In  the  brain 
of  the  adult  sheep  this  sulcus  is  preserved  for  the  entire  length 
of  the  fossa  rhomboidea.     It  is  much  deeper  in  two  places  than 
elsewhere,  thus  forming  the  fovea  superior  and  fovea  inferior 
(Fig.  11).     The  same  relations  are  sometimes  found  in  the  adult 
human  brains,  though  here  the  middle  part  of  the  sulcus  limitans 
is  often  obliterated  by  the  vestibular  nucleus  and  striae  medul- 
lares  acustici. 

55.  Visceral  sensory  column. — In  the  dogfish  (Section  23)  the 
visceral  sensory  nuclei  of  the  cranial  nerves  form  a  longitudinal 
ridge  in  the  lateral  wall  of  the  fourth  ventricle.     In  mammals 
these  nuclei  lie  deeper  in  the  substance  of  the  medulla  and  form 
the  nucleus  of  the  fasciculus  solitarius  (Sections  84  and  110). 
In  one  place  only  this  nucleus  in  man  reaches  the  ventricular 
surface,  viz.,  in  the  fovea  inferior  and  the  lateral  border  of  the 
ala  cinerea,  which,  accordingly,  contains  both  visceral  motor 
and  visceral  sensory  centers.    This  implies  that  the  fovea  inferior 
does  not  mark  the  exact  site  of  the  embryonic  sulcus  limitans, 
but  lies  somewhat  laterally  of  it. 

56.  Somatic  sensory  column. — In  mammals,  as  in  the  dogfish, 
this  column  of  the  medulla  oblongata  contains  two  clearly 
separate  regions,  (1)  the  general  somatic  sensory  centers  and  (2) 
the  area  acustica  (see  Section  57).    Only  the  first  of  these  will 
be  considered  in  this  section. 

In  either  the  sheep  or  the  human  brain  an  examination  of  the 
spinal  cord  where  it  joins  the  medulla  oblongata  will  reveal  on 
the  dorsal  surface  the  fasciculus  gracilis  and  the  fasciculus  cune- 
atus.  These  are  composed  chiefly  of  fiber  tracts  of  the  spinal 
proprioceptive  system  and  they  enter  enlargements  lying  later- 
ally of  the  lower  end  of  the  fourth  ventricle  (calamus  scriptorius), 
known  respectively  as  the  clava,  or  nucleus  of  the  fasciculus 
gracilis,  and  the  tuberculum  cuneatum,  or  nucleus  of  the  fascicu- 
lus cuneatus.  Laterally  of  the  tuberculum  cuneatum  is  the 
tuberculum  cinereum,  a  longitudinal  ridge  formed  by  the  spinal 
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V  tract  and  its  nucleus.    The>e  t  hra  eminences  contain  centers 
IK -ral  cutaneous  and  deep  sensibility  fur  the  trunk,  limbs, 
.•UK!  head;  that  is.  in  the  aggregate  they  form  the  general  somatic 
sensory  column. 

57.  The  area  acustica. — This  is  the  special  somatic  sensory 
column.     It  comprises  the  vestibular  nuclru-  in  the  floor  of  tin- 
fourth  ventricle  and  the  cochlear  nuHms,  a  compact  crescent- 
shaped  mass  of  gray  matter  which  encircles  the  restiform  body 
at  t  he  point  where  the  latter  turns  dorsal  ward  to  enter  the  cere- 
bellum (Fig.  11). 

58.  Now  get  from  the  instructor  a  lomr.  thin  brain  knife. 
Special  knives  for  this  purpose  are  sold  by  the  manufacturers  fa 
of  surgical  instruments,  but  a  butcher's  ham-slieer,  to  be  pur- 
chased in  the  hardware  trade,  makes  a  very  satisfactory  sub 

tute.  This  is  a  lar^e  butcher  knife  with  a  long  and  very  thin, 
wide  blade.  Better  still  is  a  large  steel  spatula,  or  "pill  kn 
such  as  druggists  use,  with  both  edges  ground  sharp.  With 
this  knife  cut  the  entire  brain  of  the  sheep  into  riuht  and  left 
halves.  The  incision  should  pass  through  the  longitudinal 
fissure  between  the  cerebral  hemispheres  and  should  cut  through 
the  corpus  callosum  in  the  floor  of  this  figure,  and  then  down- 
ward through  the  entire  brain  stem.  Great  care  should  be 
taken  to  make  this  cut  smooth  and  exactly  in  the  median  plane. 
It  should  be  made  with  a  single  long  sweep  of  the  knife. 

Up  to  this  point  two  students  have  examined  one  human 
brain.     Now  repeat  on  the  human  brain  the  division  into  right 
and  left  halves  in  the  same  way  as  in  the  case  of  the  she. 
Divide  also  the  cerebellum  by  a  median  incision.     Kach  student 
takes  one-half  of  the  divided  human  brain. 

59.  Examine  carefully  the  cut  surfaces  of  both  the  human  and 
the  sheep's  brains,  identifying  ail  median  structure-  thus  brought 
into  view.     Note  again  the  arrangements  of  the  chief  subdivia- 
i.m-  of  the  brain  referred  to  in  Section  38.    For  the  sheep's 
brain,  see  Fig.  10.     Similar  views  of  the  human  brain  are  j 
tured  by  Cunningham  ('15),  Fiir.  177-  p.  ~>12;  Quain  ('09),  1 
132,  p.  Ill;  Rauber-Kopsch  ('07),  Fig.  525,  p.   H 

p.  447;  Spaltehol/  i  ()«.)),  Figs.  694,  695,  pp.  625,  626;  Toldt  ('04), 
Figs.  1193-1195,  pp.  776,  777 
ii().  Draw  the  mcdnin  tan  fact  of  the  human  brain  (or  of  t 
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sheep's  brain  if  the  human  specimen  is  not  well  preserved  or  not 
cut  in  the  exact  median  plane),  paying  particular  attention  to 
the  extent  and  boundaries  of  the  ventricles.  Trace  the  ven- 
tricular boundaries  from  the  interventricular  foramen  (of  Monro) 
back  to  the  central  canal  of  the  spinal  cord.  Note  especially 
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Fig.  10. — Median  section  of  the  brain  of  the  sheep.  Slightly  reduced. 
The  exposed  ventricular  surfaces  are  stippled.  Aq.S.,  aqueductus  cerebri 
(Sylyii);  area  olf.med.,  area  olfactoria  medialis  or  nucleus  olfactorius 
medialis;  b.ol,  bulbus  olfactorius;  can.cen.,  central  canal  of  spinal  cord; 
ch.,  chiasma  optica;  c.mam.,  corpus  mamillare;  col.forn.,  columna  fornicis; 
com.ant.,  commissura  anterior;  com.hab.,  commissura  habenularum; 
c.trap.,  corpus  trapezoideum;  f.M.,  foramen  interventriculare  (Monroi); 
g.i.,  gyrus  intermedius;  g.marg.ant.,  gyrus  marginalis  anterior;  g.marg. 
post.,  gyrus  marginalis  posterior;  hyp.,  hypophysis;  inf.,  infundibulum; 
lamina  term.,  lamina  terminalis;  med.obl.,  medulla  oblongata;  m.i.,  massa 
intermedia;  ped.cer.,  pedunculus  cerebri;  plexus  ch.III,  plexus  chprioideus 
ventriculi  tertii;  plexus  ch.IV.  plexus  chorioideus  ventriculi  quarti;  r.c.cal, 
rostrum  corporis  callosi;  rec.cb.,  recessus  cerebelli;  rec.preop.,  recessus 
preopticus;  s.pol.,  sulcus  parolfactorius;  stria  med.thal.,  stria  medullaris 
thalami;  t.ol,  tuberculum  olfactorium  (intermediate  olfactory  nucleus); 
vel.med.ant.,  velum  medullare  anterius;  v.III,  ventriculus  tertius. 

the  thin  parts  of  the  ventricular  walls:  lamina  terminalis, 
choroid  plexus  of  the  third  ventricle,  anterior  medullary  velum, 
and  membranous  roof  of  the  fourth  ventricle  (tegmen  fossae 
rhomboidese),  the  last  two  forming  the  roof  of  the  ventricle 
above  and  below  the  cerebellum  respectively. 
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Fin.    11.     The  dorsal  surface  of  the  medulla  ohlongata  and  midhr.un  of 
the  sheep. 

the  attachment  to  the  cerebellum,  and  further  >pinalward  the 
Convoluted  choroid  plexus  of  the  fourth  ventricle    cf   -  .~)Q). 

Notice  that  the  fourth  ventricle  extends  a  shot"  isal- 
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ward  into  the  cerebellum  (recessus  cerebelli)  and  that  it  is  only 
in  this  region  that  the  cerebellum  forms  the  true  roof  of  the 
ventricle.  Note  that  the  roof  of  the  third  ventricle  is  also  a 
choroid  plexus  extending  from  the  pineal  body  to  the  interven- 
tricular  foramen  and  that  a  deep  fissure,  which  is  outside  the 
brain,  extends  forward  from  the  region  of  the  tentorium  cere- 
belli between  this  plexus  and  the  overlying  body  of  the  fornix. 
In  the  sheep  the  medial  surface  of  the  hippocampus  is  visible 
within  this  fissure  (marked  "gyrus  dentatus"  in  Fig.  10) .  Locate 
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Fig.  12. — The  lateral  surface  of  the  medulla  oblongata  and  midbrain  of 
the  sheep.  Xlf.  br.c.i.,  brachium  of  colliculus  inferior;  br.p.,  brachium 
pontis;  c.gen.med.,  corpus  geniculatum  mediale;  coch.,  nucleus  cochlearis; 
col.inf.,  colliculus  inferior;  col.sup.,  colliculus  superior;  c.r.,  corpus  resti- 
forme;  f.cun.,  fasciculus  cuneatus;  f.lat.,  fasciculus  lateralis;  ///  to  XII, 
cranial  nerves;  lem.l,  lemniscus  lateralis;  n.v.,  nucleus  vestibularis;  ped. 
cer.,  pedunculus  cerebri;  pyr.,  pyramid;  trap.,  corpus  trapezoideum;  tr. 
ped.tr.,  tractus  peduncularis  transversus;  tr.sp.cb.d.,  tractus  spino-cerebel- 
laris  dorsalis;  tr.sp.V.,  tractus  spinalis  trigemini;  tub.cun.,  tuberculum 
cuneatum;  V.m.,  motor  root  of  trigeminus;  V.s.,  sensory  root  of  trigeminus. 


the  attachment  of  the  choroid  plexus  of  the  third  ventricle  along 
the  tcenia  ventriculi  tertia,  or  tcenia  thalami,  anq!  note  also  that 
the  plexus  itself  is  continued  through  the  interventricular  for- 
amen into  continuity  with  the  lateral  choroid  plexus  within  the 
ventricle  of  the  cerebral  hemisphere.  In  a  specimen  from  which 
the  septum  pellucidum  has  been  torn  away  this  continuity  can 
be  readily  observed;  but  do  not  at  this  time  attempt  further 
dissection  of  the  lateral  choroid  plexus  (see  Section  132). 

The  choroid  plexuses  of  the  third  and  fourth  ventricles  are 
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commonly  ivi'ei  red  to,  as  in  the  preceding  \  >aragraphs,  as  f  on  i 
the  true  roof  of  the  hrain  cavity  in  these  regions.     But  according 
to  the  more  precise  usage  of  the  B  NA  each  of  these  structures 
i-  really  composed  of  two  layers:    (1)  the  lamina  ei»l 
which  is  the  true  brain  wall  derived  from  the  embryonic  neural 
tube,  which  here  retains  its  embryonic  character  as  a  non- 
nervous  epithelium;  (2)  the  jria  mater,  which  is  here  highly  vas- 
cular and  convoluted.     In  the  BNA  the  term  plexus  chorioideus 
is  applied  to  this  modified  pia  mater  alone. 

3.     General  Directions  for  Microscopic  Material 

61.  The  further  study  of  the  spinal  cord  and  brain  stem  can 
best  be  carried  out  with  both  gross  an<l  microscopic  material, 
though  good  results  can  be  obtained  with  either  da  —  of  material 
alone.     If  microscopic  preparations  are  not  available,  it  will  be 
found  practicable  to  select  from  the  following  paragraphs  those 
which  apply  to  gross  material  only.     Gross  sections  through  the 
human  brain  at  the  levels  indicated  below  will  show  many  of  the 
details  referred  to. 

62.  Draivings    of   cross-sections. — Make    an    outline    sk< 
ventral  side  down,  of  each  of  four  microscopic  transverse  sections 
(Weigert  method  preferred)  through  the  spinal  cord  taken  re- 
spectively from  the  cervical,  thoracic,  lumbar,  and  sacral  regions; 
and  also  select  6  to  12  transverse  sections  from  the  series  through 
the  brain  stem  and  similarly  draw  each  of  these  in 

Make  these  outlines  as  accurately  as  possible  about  six  times 
nat  ural  size,  or  those  from  the  spinal  cord  and  lower  part  of  the 
medulla  oblongata  may  be  magnified  8  diameters  and  those  from 
the   upper   levels  4  diameters.     The  >ketche<   of   the   ncti 
should  include  the  outlines  of  a  few  only  of  the  more  important 
features,  such  as  the  inferior  olives,  to  serve  as  points  of  r« 
ence.     The  following  levels  are  recommended: 

(1)  Upper  cervical  cord.    See  Bruce  ('92),  Fig.  1,  Plate  Mil: 
Bruce  ('01),  Plates  I-VIII:  Cunningham  ('15),  Fig.  466;  Pie 
('13),  Fig.  895,  p.  1041;  H:iuber-Kopsrh  ('07),   i  i.  p.  553. 

(2)  Lower    part    of    declination    of    pyramidal   tracts.     See 
Bailey  ('16),  Fig.  333,  p.  490;  Bruce  ('92),  Plate  1 1 1 :  ( 'unning- 
ham  ('15),  Fig.  490,  p.  558;  Piersol  ('13),  Figs.  920,  921,  p.  1069; 
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Quain  ('09),  Fig.  140,  p.  126;  Rauber-Kopsch  ('07),  Fig.  635,  p. 
553;  Spalteholz  ('09),  Fig.  725,  p.  656;  Toldt  ('04),  Fig.  1206,  p. 
786;  Villiger  ('12),  Fig.  213,  p.  238. 

(3)  Middle  of  nucleus  of  fasciculus  gracilis  including  the 
decussation  of  the  medial  lemniscus.     See  Bailey  ('16),  Fig.  334, 
p.  492;  Bruce  ('92),  Plate  IV;  Cunningham  ('15),  Fig.  491,  p. 
559;  Piersol  ('13),  Fig.  922,  p.  1070;  Quain  ('09),  Fig.  143,  p. 
130;  Rauber-Kopsch  ('07),  Fig.  636,  p.  554;  Spalteholz  ('09), 
Fig.  726,  p.  656;  Toldt  ('04),  Fig.  1208,  p.  786;  Villiger  ('12), 
Figs.  215,  216,  pp.  242-244. 

(4)  Middle  of  inferior  olive  through  vagal  nuclei.     See  Bailey 
('16),  Fig.  335,  p.  494;  Bruce  ('92),  Plate VII;  Cunningham  ('15), 
Fig.  495,  p.  561;  Piersol  ('13),  Fig.  928,  p.  1074;  Quain  ('09),  Fig. 
146,  p.  132;  Rauber-Kopsch  ('07),  Fig.  641,  p.  562;  Spalteholz 
('09),  Fig.  727,  p.  657;  Toldt  ('04),  Fig.  1209,  p.  786;  Villiger 
('12),  Fig.  219,  p.  250. 

(5)  Roots  of  VII  and  VIII  nerves.     See  Bailey  (16),  Fig.  340, 
p.  504;  Bruce  ('92),  Plate  IX;  Cunningham  ('15),  Fig.  498,  p. 
565;  Quain  ('09),  Fig.  163,  p.  146;  Rauber-Kopsch  ('07),  Fig. 
644,  p.  567. 

(6)  Colliculus  facialis  and  nucleus  of  VI  nerve.     See  Bailey 
('16),  Fig.  342,  p.  509;  Bruce  ('92),  Plate  XI;  Cunningham  ('15), 
Fig.  531,  p.  599;  Morris  ('14),  Fig.  652,  p.  826;  Piersol  ('13),  Fig. 
933,  p.  1078;  Rauber-Kopsch  ('07),  Fig.  645,  p.  568;  Spalteholz 
('09),  Fig.  729,  p.  658;  Toldt  ('04),  Fig.  1211,  p.  787;  Villiger 
('12),  Fig.  225,  p.  262. 

(7)  Roots  and  nuclei  of  V  nerve.     See  Bailey  ('16),  Fig.  343, 
p.  511;  Bruce  ('92),  Plate  XII;  Cunningham  ('15),  Fig.  500,  p. 
568;  Piersol  ('13),  Fig.  935,  p.  1080;  Quain  ('09),  Fig.  164,  p. 
148;  Rauber-Kopsch  ('07),  Fig.  650,  p.  572;  Spalteholz  ('09), 
Fig.  730,  p.  658;  Villiger  ('12),  Fig.  226,  p.  264. 

(8)  Inferior  colliculus.     See  Bruce  ('92),  Plate  XXIII;  Cun- 
ningham ('15),  Fig.  520,  p.  587;  Piersol  ('13),  Fig.  960,  p.  1109; 
Quain  ('09),  Fig.  212,  p.  204;  Rauber-Kopsch  ('07),  Figs.  653, 
654,  p.  576;  Spalteholz  ('09),  Fig.  732,  p.  659;  Toldt  ('04),  Fig. 
1213,  p.  788;  Villiger  ('12),  Fig.  229,  p.  270. 

(9)  Superior  colliculus.     See  Bailey  ('16),  Fig.  355,  p.  525; 
Bruce  ('92),  Plates  XXIV,  XXV,  XXVI;  Cunningham  ('15), 
Fig.  521,  p.  587;  Morris  ('14),  Fig.  662,  p.  838;  Quain  ('09),  Fig. 


THE    MAMMALIAN    NERVOUS   SYSTEM  "»'• 

213;  p.  205;  Rauber-Kopsch  ('07),  Fig.  655,  p.  579;  Toldt  ('04), 
I  i-.  1215,  p.  789;  Villiger  ('12),  Fig.  230,  p.  272. 

( 1 0)  Medial  geniculate  body  and  red  nucleus.    See  Luciani 
('15),  Vol.  Ill,  Fig.  244,  p.  489;  Piersol  ('13),  Fig.  963,  p.  1 1 1  \ : 
Quain  ('09),  Fig.  213,  p.  205;  Rauber-Kopsch  ('07),  Fig.  656,  p. 
580;  Spalteholz  ('09),  Fig.  733,  p.  660;  Toldt  ('04),  Fig.  1218,  p. 
791;  \  illi-vr  ('12),  Fig.  231,  p.  274. 

(11)  Middle  of  thalamus.    See  Bailey  ('Hi  .  I  ig.  357,  p.  533; 
Piersol  ('13),  Fig.  967,  p.  1120,  and  Fig.  974,  p.  1126;  Quain  ('09), 
Fig.  261,  p.  261;  Toldt  ('04),  Fig.  1219,  p.  792. 

(12)  Upper  part  of  thalamus  behind  the  anterior  commissure. 
See  Quain  ('09),  Fig.  300,  p.  316;  Toldt  ('04),  Fig.  1220,  p.  792. 

Put  each  outline  on  a  separate  sheet  and  fill  in  additional 
details  at  a  later  time  as  directed  below.  Study  the  surface 
contour  of  each  section  drawn,  and  by  comparison  with  the 
external  form  of  the  cord  and  brain  determine  the  approximate 
location  of  the  section.  An  intact  brain  or  medulla  oblongata 
should  be  at  hand  during  this  comparison.  The  finished  draw- 
ings will  include  only  selected  details  of  the  structures  visible 
in  the  sections.  Do  not  complete  the  drawing  of  each  cross-sect  ion 
before  passing  on  to  the  next;  but  study  each  fiber  tract  or 
nucleus  as  a  whole,  following  it  throughout  the  series  of  sections 
and  entering  it  upon  the  drawing  of  each  level  in  which  it  ap- 
pears, as  directed  below,  until  all  the  tracts  to  be  studied  have 
been  entered  upon  the  sketches.  In  these  sketches  each  tract 
and  nucleus  should  in  general  be  entered  on  one  side  only,  so  as 
to  avoid  unnecessary  complexity  in  the  finished  drawings.  In 
general  the  ascending  tracts  should  be  entered  on  the  right 
side  and  the  descending  tracts  on  the  left  side.  Of  course,  tracts 
which  decussate  will  appear  on  one  side  in  part  of  the  levels  and 
on  the  other  side  in  other  levels. 

The  separate  tracts  and  centers  may  well  l)e  drawn  in  differ- 
ent colors  of  wax  crayons.  In  the  illust  rations  of  the  functional 
analysis  of  the  peripheral  nerves  in  the  literature  certain  systems 
of  nerve  components  are  generally  conventionally  colored,  and 
on  the  basis  of  that  usage  the  following  color  scheme  i-  sug- 
gested. For  the  basis  of  the  classification  employed,  see  Sec- 
tions 15  to  19,  47,  52  to  57,  67,  and  Herrick  ('15),  Chapters  V 
and  IX. 
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General  somatic  afferent : 

Exteroceptive  (general  cutaneous) yellow 

Proprioceptive  (muscle  sense,  etc.)  and  all  afferent 

cerebellar  connections orange 

Special  somatic  afferent : 

Vestibular  (special  proprioceptive) brown 

Auditory  (cochlear)  and  optic green 

General  and  special  visceral  afferent  (afferent  sympa- 
thetic connections,  gustatory  and  olfactory) red 

General   visceral   efferent    (pre-   and   post-ganglionic 

sympathetic  fibers) purple 

Special  visceral  efferent. light  blue 

Somatic  efferent,  including  all  efferent  cerebellar  tracts  dark  blue 

Correlation  tr  cts black 

Do  not  ink  the  drawings  at  first,  but  indicate  the  outlines  of 
tracts,  etc.,  lightly  in  pencil;  then,  when  all  the  sections  have 
been  studied  as  directed  in  Sections  63  to  101,  and  the  necessary 
corrections  made,  review  each  section  and  enter  upon  its  draw- 
ing any  additional  details  desired,  such  as  the  positions  of  gray 
centers,  nerve-roots,  correlation  tracts,  etc.  See  that  each  draw- 
ing is  fully  labeled.  Finally,  the  drawings  may  be  inked  in  if 
desired.  (For  another  illustration  of  this  method  of  labora- 
tory drawing,  see  Lineback,  1917.) 

Throughout  the  study  of  the  microscopic  cross-sections  keep 
in  mind  the  external  form  of  the  brain  in  the  region  studied  and 
constantly  refer  to  the  intact  human  brain  for  the  relations  of 
the  nerve-roots  and  other  external  landmarks. 

(During  the  examination  of  these  sections  it  will  be  helpful  for 
the  instructor  to  demonstrate  with  the  projection  lantern  all  of 
the  sections  to  be  studied  and  point  out  some  of  the  more  impor- 
tant structures.  Individual  tracts  should  be  followed  through 
the  series  of  sections,  passing  the  entire  series  in  review  many 
times  for  this  purpose.) 

4.  Internal  Structure  of  the  Spinal  Cord 

63.  General  histology  of  the  neuron. — (a)  Procure  from  the 
slaughter-house  a  portion  of  the  spinal  cord  of  a  freshly  killed 
beef  (the  cord  of  any  other  one  of  the  larger  mammals  will 
answer) .  Each  student  should  dissect  out  a  small  portion  of  the 
substance  of  the  ventral  gray  column  (ventral  horn)  and  tease  it 
out  with  needles  on  a  clean  glass  slide  until  it  is  spread  in  a  thin 
layer.  Cover  the  fresh  tissue  with  a  few  drops  of  a  solution  of 
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methylene-blue  (1  part  to  10,000  parts  of  water)  and  stain  for 
fifteen  minutes.  Rinse  off  the  stain,  add  a  drop  of  water,  and 
cover  with  a  cover-slip.  Examine  with  low  and  high  powers 
of  the  microscope  and  draw  a  typical  neuron  with  its  processes. 

(b)  Now  lay  out  all  of  the  slides  of  fixed  and  permanently 
mounted  sections  of  the  spinal  cord  supplied  in  the  loan  collec- 
tion of  microscopic  material  and  examine  them  to  get  a  general 
view  of  its  internal  structure.     Compare  sections  through  the 
spinal  cord  prepared  by  different  histological  methods  (Weigert, 
Nissl,  Golgi,  Cajal,  etc.)  and  note  which  histological  elements 
are  best  revealed  by  each  of  the  methods  used.     Draw  on  a  large 
scale  typical  neurones  from  the  ventral  gray  column  from  several 
of  these  preparations.     Look  up  the  technic  employed  in  these 
methods  and  the  purposes  for  which  each  is  best  adapted.     <  >n 
the  study  of  pathological  degenerations  and  the  embryological 
development  of  fiber  tracts  see  Section  68  (b)  and  (c).     A  thor- 
ough neurological  study  of  any  part  requires  the  use  of  several 
histological  methods,  since  each  of  them  is  specific  for  some  ele- 
ments only  of  the  tissue. 

(c)  Literature  on  the  neuron:  Barker  ('10),  Chapters  I  to  IV; 
Herrick  (15),  Chapter  III;  Meyer  ('98);  Sheldon  ('18),  Chap- 
ters XVI  to  XX;  Starr,  Strong  and  Learning  ('96). 

64.  Make  a  composite  drawing  of  one-half  of  a  section  of  the 
spinal  cord  from  Weigert  and  Nissl  (or  toluidin  blue),  sections 
to  show  the  arrangement  of  both  white  matter  and  nerve-cells. 
See  Herrick  ('15),  Figs.  57,  58;  Morris  ('14),  Fig.  616,  pp.  778, 
779;  Villiger  (12),  Figs.  94,  95,  pp.  91,  92.  Draw  the  outline 
and  the  details  of  the  white  matter  from  a  Weigert  section  and 
the  details  of  the  gray  matter  from  a  Nissl  section.  Label 
fully  all  parts,  particularly  the  cell  clusters  ("nuclei").  Note 
the  relations  of  the  non-nervous  elements  (ependyma,  blood- 
vessels, connective  tissue),  neurons,  their  cell  bodies  (perikarya) 
and  processes,  and  the  myelinated  nerve-fibers.  In  the  pray 
matter  (substantia  grisea)  identify  and  designate  the  column-: 
columna  grisea  ventralis  (ventral  horn),  columna  grisea  lateralis 
(lateral  horn),  columna  grisea  dorsalis  (dorsal  horn),  the  sub- 
stantia gelatinosa  of  Rolando,  the  nucleus  thoraealis  in  the  tho- 
racic region  (nucleus  dorsalis  Clarkii  of  the  />'  \A.  posterior  vesic- 
ular column  of  Clarke,  Clarke's  column),  the  retieular  formation 
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(formatio  reticularis) .  Identify  the  commissures:  commissura 
ventralis  alba;  commissura  ventralis  grisea;  commissura  dorsalis. 
The  substantia  alba  (white  matter)  of  each  side  is  divided 
anatomically  by  the  emerging  nerve-roots  into  three  portions 
named  respectively  funiculus  dorsalis,  lateralis,  and  ventralis 
(Herrick  ('15),  Fig.  57).  These  funiculi  are  further  subdivided 
topographically  into  fasciculi  (fasc.  ventro-lateralis,  etc.)  which 
are  usually  made  up  of  fibers  of  diverse  sorts.  The  real  units  of 
spinal  cord  structure  are  the  tracts,  each  of  which  is  composed  of 
fibers  of  like  connections  and  functions.  (Neurologists  often 
use  the  words  funiculus,  fasciculus,  and  tract  as  synonyms,  with 
resulting  confusion.)  Your  preparations  present  no  anatomical 
boundaries  of  the  fasciculi  and  tracts.  They  have  been  deter- 
mined by  physiological  experimentation  and  the  study  of  degen- 
erations following  pathological  lesions. 

65.  Neurons  of  the  cord. — Lay  out  before  you  the  four  outline 
sketches  through  the  spinal  cord  in  the  cervical,  thoracic,  lumbar, 
and  sacral  regions,  which  have  already  been  drawn.     Now  in  the 
Nissl  (or  toluidin  blue)  sections  of  the  cord  note  the  distribution 
of  nerve-cells  in  both  the  dorsal  and  ventral  gray  columns  at  each 
of  these  levels  and  compare  in  detail  the  grouping  of  the  cell 
bodies  in  the  ventral  columns.     Draw  these  groups  of  cells  in 
the  four  outline  sketches  of  the  spinal  cord.     The  ventro-medial 
group  of  neurones  supplies  the  muscles  of  the  back,  the  dorso- 
lateral  and  ventro-lateral  groups  chiefly  the  muscles  of  the 
limbs,  and  the  intermedio-lateral  groups  the  motor  sympathetic 
fibers  (see  Barker  ('01),  pp.  883-914;  Bruce  ('01);  Cunningham 
('15),  Fig.  467,  p.  525;  and  Fig.  468,  p.  529,  also  summary  on  p. 
527;  Curtis  and  Helmholz  ('11);  Herrick  ('15),  Fig.  59;  Piersol 
('13),  Figs.  895-901,  pp.  1041-1046;  Quain  ('09),  Fig.  112,  p.  78; 
Rauber-Kopsch  ('07),  Figs.  466-494,  pf>.  404-406;  Sheldon  ('18), 
Chapter  XXVIII. 

66.  The    spinal    cord    performs    two    important    groups    of 
functions:  (1)  it  contains  the  central  mechanisms  of  the  intrinsic 
spinal  reflexes ;  (2)  it  serves  as  a  path  of  conduction  between  the 
sensory  and  motor  spinal  nerves  and  the  higher  correlation  cen- 
ters of  the  brain.     For  a  list  of  the  tracts  belonging  to  the  second 
group,  see  Section  101 .     Here  attention  should  be  directed  to  the 
intrinsic  reflex  connections  of  the  cord.     The  cell  bodies  of  the 
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neurones  involved  in  these  reflexe<  lie  in  the  gray  matter,  and 
Iheir  axones  form  the  greater  part  of  tin-  fasririilu-  prop 
through  ul i i<-h  reflex  impulses  are  transmit te<l  in  both  ascending 
and  descending  directions  between  the  different  levels  of  the 
cord.  With  the  aid  of  your  reference  books  build  up  a  HI-MI- 
picture  of  the  mode  of  connection  of  these  neuron-  in  typiral 
spinal  reflexes.  See  Herrick  ('15),  Figs,  r.o,  r.l;  Berrick  and 
Coghill  ('15);  Howell  ('15),  Chapters  \  II.  \  III;  Morris  ('14), 
Fig.  610,  p.  767;  Quain  ('09),  p.  99;  Sherrington  ('06),  Chap 
I  to  IV,  especially  the  diagram  on  p.  46;  Starr,  Strong,  and 
Learning  ('96). 

67.  Functional  analysis  of  the  cord. — (a)  The  classification  of 
the  functional  systems  adopted  in  this  work  should  here  be  re- 
viewed (see  Sections  15  to  19,  47,  52  to  57,  and  the  re- 
there  given).  The  somatic  sensory  systems  include  the  n< •- 
centers,  and  correlation  tracts  of  general  cutaneous  and  deep 
sensibility  (in  muscles,  joints,  etc.)  and  in  the  head  the  op 
auditory,  and  cerebellar  systems.  These  are  all  concerned  with 
the  adjustment  of  the  body  to  its  external  environment.  They 
fall  into  two  subdivisions:  (1)  exteroceptive,  and  (2)  propriocep- 
tive  (see  Herrick  ('15),  Chapters  V  and  IX;  Sherrington  ('06) 
Chapter  IV),  whose  conduction  pathways  and  correlation  centers 
are  distinct.  The  exteroceptive  systems  respond  to  external 
excitations;  the  proprioceptive  systems  to  excitations  arising 
within  the  body,  but  subsidiary  to  the  somatic  motor  reacting 
system.  The  optic  and  cochlear  systems  constitute  highly 
differentiated  or  special  members  of  the  exteroceptive  series,  and 
the  vestibular  system  is  similarly  a  special  proprioceptive  ap- 
paratus. 

(b)  Review  now  the  functional  composition  of  the  spinal 
nerves  (see  Herrick  ('15),  Figs.  55  and  56)  and  master  the  topo- 
graphic relations  of  the  internal  fiber  tracts  related  to  the 
various  functional  systems.  (The  central  relations  of  the  visceral 
sensory  components  of  the  spinal  nerves  are  not  accurately 
known.)  The  primary  somatic  motor  and  visceral  motor  centers 
of  the  cord  are  distinct  and  are  easily  recognized  in  Nissl  prepara- 
tions. The  somatic  motor  neurons  lie  in  the  ventral  gray  col- 
umn and  the  visceral  motor  in  the  intermedio-lateral  column  (see 
Herrick  ('15),  Fig.  56). 
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68.  (a)  Locate  with  the  aid  of  the  reference  books  the  course 
of  the  exteroceptive  spinal  lemniscus  tracts  for  touch,  tempera- 
ture, and  pain,  and  of  the  proprioceptive  systems  (dorsal  funiculi 
and  spino-cerebellar  tracts).     See  Herrick  ('15),  Chapter  VIII, 
and  especially  Figs.  59,  63,  and  64;  on  the  general  somatic  sys- 
tems Chapter  XI  should  also  be  read  in  this  connection. 

(b)  If  pathological  preparations  illustrating  degenerations  of 
spinal  cord  tracts  are  available,  these  should  be  studied  at  this 
time.     Consult  the  larger  text-books  of  neurology,  and  especially 
those  of  neuropathology.     (Later  sections  relating  to  the  tracts 
of  the  brain  may  be  illustrated  in  the  same  way  in  any  cases 
where  pathological  microscopic  preparations  are  available.) 

(c)  Valuable  information  regarding  the  courses  of  the  fiber 
tracts  of  the  cord  and  brain  has  been  gained  by  embryological 
methods.     Some  functional  systems  of  fiber  tracts  mature  earlier 
than  others.     Fetal  spinal  cords  of  man,  pig,  or  any  other  mam- 
mal taken  at  successive  periods  from  the  age  when  myelinated 
fibers  first  appear  up  to  birth  and  stained  by  the  Weigert  method 
will  demonstrate  the  sequence  of  myelination  of  the  spinal 
tracts.     See  Barker  ('01),  pp.  424-437;  His  ('04). 

5.  Sympathetic  Nervous  System 

69.  At  this  time  the  student  should  consult  his  reference 
books  and  so  become  familiar  with  the  general  pattern  of  the 
sympathetic  nervous  system  and  its  relations  with  the  cerebro- 
spinal  system.     The  sympathetic  trunk  and  its  connections 
with  the  spinal  nerves  have  already  been  seen  (Section  41). 
The  following  references  are  suggested:   Cunningham  ('15),  pp. 
679-682,    753-767;   Herrick  (15),  Chap.  XVI;  Howell  ('15), 
Chap.  XII;  Huber  ('97);  Johnston  ('06),  Chap.  XII;  Langley 
('00,  'OOa,  and  '03);  Luciani  ('15),  Vol.  Ill,  Chap.  VI,  pp.  359- 
378;  Morris  ('14),  pp.  1026-1047;  Piersol  ('13),  pp.  1353-1375; 
Quain  ('09),  pp.   1-3,   13-20;  Sheldon  ('18), -Chaps.  VI  and 
XXVII;  Starling  (12),  pp.  520-552;  Stewart  (14),  pp.  963-965. 

6.  The  Medulla  Oblongata 

70.  The  somatic  sensory  systems. — (a)  Here  familiarize  your- 
self from  the  reference  books  with  the  somatic  sensory  nerve- 
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in  the  skin,  subcutaneous  tissues,  mu>  lies,  ten- 

« 1<  »ns,  joints,  etc.  See  Herrick  ('15),  Chap.  ViJE&rker  ('01),  pp. 
36 1  421;  Sheldon  ('18),  Chap.  XXIV;  and  $M  works  on  histology. 
• )  Now  review  again  the  superficial  landmarks  of  the  ventric- 
ular and  lateral  surfaces  of  the  human  medulla  oblongata,  with 
special  reference  to  the  underlying  functional  columns  (see  Sec- 
tions  51  to  57).  General  somatic  sensory  fibers  for  cutaneous 
and  deep  sensibility  of  the  head  are  found  in  the  V,  IX,  and  X 
cranial  nerves  (Herrick  ('15),  Chap.  XI),  and  the  special 
-oinatic  cochlear  (Herrick  ('15)^  Chap.  XIII)  and  vestibular 
Hi  nick  ('15),  Chap.  XII)  are  represented  in  the  VIII  nerve.- 
The  connections  of  these  systeirB  will  next  be  taken  up,  together 
with  the  cerebral  portions  of  the  spino-cerebral  tracts  whose 
spinal  parts  have  already  been  mentioned.  The  cerebellum, 
which  is  a  derivative  of  the  somatic  sensory  column,  will  be  ex- 
amined later,  and  the  composition  of  its  peduncles  summarized. 

71.  The  general  cutaneous  systefa. — The  cutaneous  fibers  from 
the  face  enter  the  brain  by  the  V  nerve;  a  smaller  number  by 
the  IX  and  X  nerves.    The  fibers  of  the  sensory  V  root  in  part 
end  in  the  chief  sensory  V  nucleus  doix>-medially  of  the  super- 
ficial origin  of  the  root,  but  most  of  thqm  turn  abruptly  spinal- 
ward  and  thus  form  the  spinal  V  tract,. whose  fibers  form  an 
eminence  on  the  lateral  surface  of  the  oblongata — the  tuber- 
culum  cinereum  or  tubercle  of  Rolando. 

72.  Gross  preparation  of  the  spinal  V  tract. — On  the  right  half 
( »f  t  lie  brain  of  the  sheep  locate  the  V,  IX,  and  X  roots  (Figs.  7, 8, 
12)  and  the  tuberculum  cinereum.    Now  with  a  wooden  dissec- 
tor begin  at  the  lower  border  of  the  V  root  and  carefully  scrape 
away  the  transverse  fibers  of  the  pons  and  the  trapezoid  body 
until  the  longitudinal  fibers  of  the  spinal  V  tract  lying  im- 
mediately internal  to  them  are  exposed.    Continue  the  dis- 
Bection  spinalward  by  gently  teasing  off  the  superficial  external 
arcuate  fibers  (see  Section  90).     Careful  scraping  in  the  longi- 
tudinal direction  with  an  orange-wood  stick  sharpened  to  a 
slightly  rounded  chisel  edge  will  readily  expose  the  whole  length 
of  the  spinal  V  tract  to  its  terminus  in  the  cervical  cord.     In  its 
spinal  course  its  fibers  become  superficial. 

A  similar  dissection  can  readily  be  made  on  the  human  brain 
al>o,  though  the  larger  size  of  the  pons  makes  it  necessary  to  cut 
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through  the  large  mass  of  the  transverse  pons  fibers  below  the 
V  rootVith  a  sharp  knife  in  order  to  expose  the  spinal  V  fibers. 
This  dissection,  however,  should  not  be  made  on  the  same  speci- 
men which  is  to  be  used  for  the  optional  dissections  of  the  ob- 
longata  (Sections  102-111). 

73.  Microscopic  study  of  the  V  roots. — In  the  microscopic 
sections  find  the  sensory  V  root  in  the  pons  region  (see  the  refer- 
ences in  Section  62  (7)),  and  follow  its  fibers  backward  into  the 
spinal  V  tract.     Only  a  part  of  the  sensory  V  root-fibers  enter 
this  tract.     Others  enter  the  chief  sensory  V  nucleus,  which  lies 
dorsally  of  the  spinal  V  tract  at  the  level  of  entrance  of  the  fibers 
of  the  V  nerve  and  forward  (rostrally)  of  this  level.     The  chief 
sensory  nucleus  of  the  V  nerve  and  the  spinal  V  nucleus  (sub- 
stantia  gelatinosa  of  Rolando),  which  accompanies  the  spinal 
V  tract,  are  the  terminal  nuclei  of  the  general  cutaneous  com- 
ponents of  the  cranial  nerves.     These  nuclei  and  the  spinal  V 
tract  should  be  located  and  entered  in  the  drawings  of  all  sec- 
tions in  which  they  occur. 

A  few  general  cutaneous  fibers  enter  the  spinal  V  tract  and  its 
nucleus  from  the  IX  and  X  roots  also,  but  these  are  usually  not 
evident  in  the  sections.  The  motor  nucleus  of  the  V  nerve  will 
be  seen  lying  medially  of  the  chief  sensory  V  nucleus  and  it  may 
be  drawn  in  at  this  time.  Golgi  sections  show  that  some  per- 
ipheral sensory  V  fibers  end  in  the  motor  V  nucleus,  thus  pro-, 
viding  a  direct  reflex  connection  between  the  skin  of  the  face 
and  mouth  and  the  jaw  muscles.  Neurons  of  the  spinal  V 
nucleus  effect  the  connection  between  the  peripheral  cutaneous 
fibers  of  the  spinal  V  tract  and  the  motor  nuclei  of  the  VII,  IX, 
and  X  nerves. 

74.  Trigeminal  lemniscus. — The  ascending  secondary  fibers 
from  the  chief  sensory  V  and  spinal  V  nuclei  to  the  thalamus  form 
two  tracts,  both  of  which  are  called  the  trigeminal  lemniscus. 
Their  fibers  cannot  easily  be  traced  in  either  gross  or  microscopic 
preparations. 

For  diagrams  showing  the  positions  of  the  V  nuclei  and  their 
connections  with  other  centers  in  the  brain,  see  Bailey  ('16), 
Fig.  344,  p.  512;  Herrick  ('15),  Figs.  64,  71,  73,  75,  77,  78,  81; 
Morris  ('14),  Fig.  654,  p.  828;  Rauber-Kopsch  ('07),  Fig.  681, 
p.  615. 
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75.  The  mcsencephalic  V  root.-  The  filers  of  this  root  can 
easily   be  recognized   in  the  micro>eopic  sections;  see  Herrick 
('15),  Fig.  75,  Miid  the  references  cited  in  Section  n"j  '*>  ami  (9). 
The  root-fibers  for  the  motor  and  chief  sensory  V  nuclei  form  a 
layer  of  white  matter  separating  these  nuclei.     From  the  dorsal 
bonier  of  (his  layer  the  fibers  of  the  mesencephalic  root  can  be 
followed  in  the  series  of  sections  forward  and  dorsalward  to  take 
their  positions  along  the  lateral  wall  of  the  aqueduct  of  Sylvius; 
here  they  extend  through  the  entire  length  of  the  midbrain. 
These  fibers  are  the  innermost  myelinated  fibers  in  this  region 
and  they  are  of  very  large  size,  though  f<^v  in  number.     They 
connect  with  the  cells  of  the  mesencephalic  V  nucleus,  which  can 
be  seen  in  favorable  preparations  as  a  row  of  large  flask-shaped 
nerve-cells  accompanying  the  tract. 

This  root  of  the  V  nerve  has  often  been  regarded  as  motor 
and  is  so  described  in  many  works;  but  its  sensory  character  is 
now  well  established,  though  the  function  performed  is  unknown. 
It  is  probable  that  it  serves  some  form  of  deep  sensibility  of  the 
head.  See  Herrick  ('15),  Chap.  IX;  Johnston  ('05);  Morris 
('14),  Fig.  654,  p.  828;  Otto  May  and  Victor  Horsley  ('10). 

76.  The  dorsal  funiculi  of  the  cord. — In  the  gross  specimens 
both  of  the  human  and  the  sheep's  brain  identify  the  fasciculus 
gracilis  and  the  clava,  into  which  its  fibers  run  to  end  among  the 
cells  of  the  underlying  nucleus  of  the  fasciculus  gracilis.     Iden- 
tify also  the  fasciculus  cuneatus  and  the  tuberculum  cuneatum. 
within  which  lies  the  nucleus  of  the  fasciculus  cuneatus. 

Now  examine  the  microscopic  sections  of  the  human  brain  in 
the  region  of  transition  between  spinal  cord  and  medulla  oblon- 
gata  and  locate  all  of  the  structures  mentioned  in  the  preceding 
paragraph.    See  lists  of  references  under  required  drawings,  Sec- 
tion  (\'2  ( 1),  (2),  and  (3).    Follow  the  fibers  of  the  fasciculus  gra- 
cilis and  fasciculus  cuneatus  downward  through  the  four  levels  of 
the  spinal  cord  and  enter  them  in  your  sketches  of  these  It 
Then,   beginning  at  the  upper  end  of  the  cord,  follow  t 
fasciculi  upward  into  their  nuclei  under  the  clava  and  ti. 
culuni   cuneatuin  respectively,    where  their  fibers  end.     The 
axones  arising  from  the  cells  of  these  nuclei  form  the  media-l 
lenmiscus  (Jillet). 

77.  The  medial  hmniscus. — These  filers  immediately  descend 


68  LABORATORY   OUTLINE   OF   NEUROLOGY 

from  their  nuclei  to  cross  ventrally  of  the  ventricle  to  the  other 
side  of  the  brain,  thus  forming  the  decussation  of  the  lemniscus. 
This  tract  after  its  decussation  can  be  followed  through  the  series 
of  sections  as  far  as  the  thalamus.  In  the  lower  part  of  the 
medulla  oblongata  these  fibers  will  be  found  in  the  interolivary 
space  near  the  median  plane  (Herrick  ('15),  Figs.  64,  72,  73). 
They  are  bounded  ventrally  by  the  cortico-spinal  (pyramidal) 
tract,  and  dorsally  by  the  tecto-spinal  tract.  Dorsally  of  the 
latter  is  the  longitudinal  medial  fasciculus.  At  the  level  of  the 
pons  the  medial  lemniscus  begins  to  turn  laterally  and  in  the 
midbrain  it  lies  dorsally  of  the  substantia  nigra  (Herrick  ('15), 
Fig.  75) .  In  sections  through  the  midbrain  and  thalamus  these 
fibers  can  readily  be  followed  forward  to  their  termination  in 
the  lateral  nucleus  of  the  thalamus  (Herrick  (15),  Figs.  77,  78, 
and  79).  The  medial  lemniscus  carries  general  proprioceptive 
nervous  impulses  from  the  spinal  cord  to  the  thalamus. 

Identify  the  medial  lemniscus  in  the  sections  and  draw  it  into 
the  outlines  as  far  forward  as  the  material  provided  will  permit. 
See,  in  addition  to  the  figures  cited  in  the  previous  paragraph, 
Section  62  (1)  to  (11);  Cunningham  (15),  Fig.  579,  p.  651; 
Morris  ('14),  Fig.  632,  p.  803;  Villiger  (12),  Figs.  154,  155,  pp. 
167,  168.  Directions  for  the  dissection  of  the  medial  lemniscus 
of  man  will  be  found  in  Section  108. 

78.  The  spinal  lemniscus. — The  ascending  secondary  pathway 
for  exteroceptive  sensibility  (touch,  temperature,  pain)  from 
the  trunk  and  limbs  is  the  spinal  lemniscus,  or  spino-thalamic 
tracts.     There  are  two  of  these  tracts  in  the  cord,  the  tractus 
spino-thalamicus  dorsalis  for  pain  and  temperature,  and  the 
tractus    spino-thalamicus   ventralis    for   touch   and    pressure 
(Herrick  (15),  Fig.  63).     In  the  medulla  oblongata  these  ac- 
company the  ventral  spino-cerebellar  tract  (Herrick  (15),  Fig. 
73)  and  in  the  midbrain  they  join  the  lateral  lemniscus  (Herrick 
(15),  Fig.  75). 

It  is  difficult  to  demonstrate  these  tracts  in  either  gross  or 
microscopic  material.  From  your  reference  books  learn  their 
courses  and  enter  them  in  the  outline  drawings  of  the  cross- 
sections  in  their  appropriate  places. 

79.  Summary  of  secondary  general  somatic  sensory  tracts. — 
The  general  somatic  sensory  centers  and  tracts  of  the  brain 
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which  have  now  been  analyzed  comprise  the  spinal  V  tract  and 
its  nucleus,  the  chief  sensory  V  nucleus,  the  mesencephalic  V 
tract  and  nucleus,  the  dorsal  funiculi  arid  medial  lenini-rii-.  and 
the  spinal  lemniscus.  The  centers  mentioned  receive  all  fibers 
of  cutaneous  and  deep  sensibility  from  the  head,  trunk,  and 
limbs  except  those  serving  the  muscle-sense  from  the  extrinsic 
eye-muscles.  Fibers  of  this  character  are  present  in  the  III, 
IV,  and  VI  cranial  nerves,  but  of  their  central  connections 
nothing  is  known. 

From  these  primary  sensory  centers  connections  are  made 
through  the  reticular  formation  (see  Section  89)  with  neighboring 
motor  centers  for  local  reflexes.  All  ascending  tracts  of  the 
second  order  from  the  primary  sensory  centers  to  the  thalamus 
are  termed  lemnisci.  The  trigeminal  lemniscus  and  the  spinal 
lemniscus  carry  exteroceptive  nervous  impulses  (general  somatic 
sensory  series).  Proprioceptive  reactions  are  served  by  (1) 
the  dorsal  funiculi  of  the  cord  and  medial  lemniscus,  (2)  vestilm- 
lar  system,  and  (3)  the  cerebellar  connections.  The  first  of 
these  three  belongs  in  the  general  somatic  sensory  series,  the 
second  in  the  special  somatic  sensory  series,  while  the  cere- 
bellum is  the  general  co-ordination  center  for  both  of  these 
series. 

The  papers  of  Head  and  his  associates  (see  Head  and  Thomp- 
son ('06),  and  Head  and  Holmes  ('11))  may  profitably  be  read 
at  this  time;  also  Johnston  ('06),  Chapter  VI. 

80.  Organ  of  hearing. — If  microscopic  sections  are  available, 
study  the  cochlea  and  spiral  organ  (organ  of  Corti).    Accounts 
of  the  structure  and  functioning  of  the  internal  ear  may  be 
found  in  most  of  the  standard  text-books.    See  Bailey  ('16), 
pp.  580-590;  Cunningham  ('15),  pp.  843-854;  Herrick  ('15), 
Chap.  XIII;  Howell  ('15),  Chap.  XX,  pp.  385-403;  Morris  ('14), 
pp.  1092-1096;  Starling  ('12),  pp.  569-577;  Stewart  ('14),  pp. 
1024-1035.     For  special  reference,  the  literature  cited  at  the 
end  of  chapter  XIII  (Herrick,  '15)  is  recommended,  particu- 
larly the  papers  of  Hardesty  ('08a)  and  ('15),  Prentiss  ('13),  and 
Shambaugh  ('07)  and  ('08). 

81.  Gross  preparation  of  the  cochlear  nerve  and  its  connections.— 
In  the  gross  specimens  locate  the  inferior  peduncle  of  the  cere- 
bellum  (corpus  restiforme),  which   connects  the  dorso-lateral 
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wall  of  the  medulla  oblongata  with  the  cerebellum.  This  is 
crossed  immediately  behind  the  cerebellum  by  the  dorsal  cochlear 
root  and  nucleus  of  the  VIII  nerve  (called  the  tuberculum  acusti- 
cum).  Find  this  structure  in  both  the  human  and  the  sheep's 
brain.  Immediately  laterally  of  the  dorsal  cochlear  nucleus  at 
the  point  where  the  cochlear  root  of  the  VIII  nerve  enters  the 
brain  is  found  the  ventral  cochlear  nucleus. 

Root-fibers  of  the  cochlear  nerve  terminate  in  both  the  dorsal 
and  the  ventral  cochlear  nuclei.  Fibers  of  the  central  acoustic 
path  leave  these  nuclei  by  two  chief  tracts.  From  the  ventral 
nucleus  they  enter  the  trapezoid  body  (corpus  trapezoidewri) , 
which  can  be  seen  in  the  sheep's  brain  as  a  wide  transverse  band 
on  the  ventral  surface  immediately  below  the  pons.  In  the 
human  brain  these  fibers  are  covered  by  the  fibers  of  the  pons 
and  cannot  be  seen  without  dissection  of  the  pons.  From  the 
dorsal  cochlear  nucleus  the  secondary  acoustic  path  passes 
medialward  along  the  surface  of  the  floor  of  the  fourth  ventricle, 
thus  forming  the  striae  medullares  acusticse,  which  are  very  con- 
spicuous in  the  human  medulla  oblongata,  but  less  so  in  the 
sheep.  The  further  course  of  the  ventral  acoustic  tract  can 
readily  be  dissected  in  the  sheep's  brain.  Having  crossed  the 
midplane  in  the  trapezoid  body,  they  enter  or  pass  close  to  the 
superior  olive  and  then  turn  forward  to  form  the  chief  component 
of  the  lateral  lemniscus  (lateral  fillet),  which  terminates  in 
the  inferior  colliculus  and  medial  geniculate  body. 

On  the  left  half  of  the  sheep's  brain,  which  has  been  divided 
in  the  median  plane  (see  Figs.  7,  8,  11,  12)  locate  the  root  of  the 
cochlear  nerve  and  its  nuclei.  The  connection  of  the  ventral 
cochlear  nucleus  with  the  trapezoid  body  farther  ventrally  can 
readily  be  demonstrated.  Now  observe  the  relations  of  the 
pons  and  the  brachium  pontis  and  of  the  brachium  conjunctivum 
(superior  cerebellar  peduncle). 

The  fibers  of  the  latter  will  be  seen  to  be  directed  forward, 
medialward,  and  ventralward.  On  the  lateral  surface  of  the 
brain  (see  Fig.  12,  lem.l.)  immediately  in  front  of  the  pons  and 
more  ventrally  and  superficially  than  the  fibers  of  the  brachium 
conjunctivum  are  fibers  running  from  the  border  of  the  pons 
obliquely  forward  and  dorsalward,  thus  crossing  at  a  right  angle 
the  deeper  fibers  of  the  brachium  conjunctivum.  These  super- 
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ficial  fibers  compose  the  lateral  lemniscus.  They  occupy  a 
triangular  area  In  HUH  led  by  the  pons  behind,  the  basis  pedunculi 
(pyramidal  and  cortico-pontile  tracts)  below,  and  the  corpora 
quadrigemina  above. 

Beginning  at  the  cut  medial  surface,  strip  back  the  fibers  of 
the  pons  as  far  laterally  as  the  roots  of  the  V  nerve.  Immedi- 
ately ventrally  of  these  root-fibers  careful  teasing  with  a  sharp- 
ened wooden  instrument  will  show  that  some  fiber- 
trapezoid  body  turn  from  the  transverse  to  the  longitudinal 
direction  and,  passing  internal  to  the  pons  fibers,  reappear  on. 
the  surface  in  front  of  the  pons  as  the  lateral  lemniscus  fil 
to  which  reference  has  already  been  made.  At  the  point  where 
they  turn  and  are  covered  by  the  overlying  pons  fibers  a  small 
nucleus  of  gray  matter  may  be  found.  This  is  the  superior 
olive.  By  gentle  teasing  the  lateral  lemniscus  fibers  may  be 
followed  from  the  level  of  the  pons  forward  and  dorsal  ward. 
Some  enter  the  medial  gesticulate  body  of  the  thalamus  and 
some  enter  the  inferior  colliculus.  The  latter  are  interrupted 
by  a  synapse  here  and  the  acoustic  path  is  then  continued  for- 
ward through  the  brachium  of  the  inferior  colliculus  to  enter  the 
medial  geniculate  body  in  company  with  the  component  first 
described. 

The  secondary  acoustic  path  is  thus  seen  to  ascend  from  the 
cochlear  nuclei  of  one  side  by  way  of  the  lateral  lemniscus  to  the 
medial  geniculate  body  of  the  thalamus  of  the  opposite  side. 
Some  of  these  fibers  enter  the  thalamus  directly  and  some  are 
first  interrupted  by  a  synapse  in  the  inferior  colliculus. 

For  the  dissection  of  the  lateral  lemniscus  in  the  human 
I  >  rain,  see  Section  106. 

82.  Microscopic  study  of  the  cochlea r  nuclei  and  lateral  I- 
niscus. — Now  in  the  microscopic  sections  of  the  human  brain 
stem  locate  the  structures  described  in  the  last  section  (see 
Section  62  (5)). 

Identify  the  dorsal  and  ventral  cochlear  nuclei  and  the  -true 
medullares  acustica?.  The  fibers  of  the  trapezoid  body  may  not 
be  easily  distinguished  from  the  deepest  fibers  of  the  pons  which 
lie  ventrally  of  their.  The  superior  olive  is  a  small  gray  nucleus 
lying  deeper  than  any  of  these  til  XT-  and  laterally  of  the  great 
medial  lemniscus  tract  (medial  fillet).  If  the  lateral  lemni- 
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is  not  easily  identified  in  this  region,  locate  it  in  sections  at  the 
level  of  the  upper  border  of  the  pons  and  trace  it  back  to  the 
superior  olive.  In  sections  through  the  midbrain  the  lateral 
lemniscus  can  readily  be  followed  to  its  terminations  in  the 
medial  geniculate  body  and  inferior  colliculus,  and  the  fibers  from 
the  later  to  the  medial  geniculate  body  in  the  brachium  of  the 
inferior  colliculus  are  also  easily  identified.  Diagrams  illus- 
trating the  connections  of  the  cochlear  nuclei  with  other  centers 
of  the  brain  are  given  in  many  texts.  See  Bailey  ('16),  Fig. 
338,  p.  500;  Herrick  ('15),  Fig.  96;  Morris  ('14),  Fig.  650,  p. 
824;  Rauber-Kopsch  ('07),  Fig.  684,  p.  620;  Villiger  ('12);  Fig. 
165,  p.  179. 

83.  Nervus  vestibularis  and  its  nuclei. — Locate  in  your  micro- 
scopic sections  and  draw  the  vestibular  root  of  the  VIII  nerve 
and  its  nuclei  (see  Section  62  (5)  and  (6)),  viz.: 
Nucleus  n.  vestibuli  superior  (of  Bechterew). 
Nucleus  n.  vestibuli  lateralis  (of  Deiters  or  nucleus  vestibu- 
laris magnocellularis). 

Nucleus  n.  vestibuli  medialis  (of  Schwalbe,  also  called  nucleus 
dorsalis,  principal  nucleus,  and  nucleus  vestibularis  tri- 
angularis). 

Nucleus  n.  vestibuli  spinalis. 

The  fibers  of  the  vestibular  root  pass  inward  beneath  the 
inferior  cerebellar  peduncle  (restiforme  body)  and  at  right 
angles  to  its  fibers.  The  vestibular  nuclei  lie  in  the  floor  of  the 
fourth  ventricle  medially  of  the  restiform  body  (Herrick  ('15), 
Figs.  86  and  96).  All  of  these  nuclei  (especially  the  nucleus 
medialis)  send  fibers  into  the  reticular  formation  of  the  same 
and  the  opposite  side  for  motor  reflexes  of  the  oblongata.  Find 
in  these  sections,  if  possible,  the  fibers  which  pass  from  the  ves- 
tibular root  and  nucleus  to  the  restiforme  body  and  thence  into 
the  cerebellum — the  cerebellar  root  of  the  VIII  nerve  and  the 
vestibulo-cerebellar  tract.  These  fibers  pass  directly  dorsalward 
from  the  upper  end  of  the  vestibular  nuclei  (see  Herrick  ('15), 
Fig.  86)  and  join  the  restiform  body  on  its  medial  side.  Identify 
also  the  vestibulo-spinal  tract,  passing  toward  the  spinal  cord 
from  the  lateral  and  spinal  vestibular  nuclei.  It  can  be  followed 
downward  through  the  series  of  sections,  lying  in  the  angle  be- 
tween the  restiform  body  and  the  dorsal  vagal  nuclei  (see  Her- 
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rick  ('16),  Fig.  72).    Learn  its  position  and  enter  it  in  the 
.^ketches  of  the  medulla  oblongata  and  mnl. 

The  superior  and  medial  nuclei  send  fibers  into  the  fasciculus 
longitudinalis  medialis  (posterior  longitudinal  bundle,see  Section 
92).  Enter  upon  your  drawings  all  of  these  vestilmlar  tracts 
which  have  been  observed,  including  the  fasciculus  longitudinalis 
medialis.  See  Bailey  ('16),  Fig.  339,  p.  502;  Howell  ('15),  Chap. 
XXI,  pp.  404-414;  Piersol  ('13),  Fig.  1071,  p.  1258;  Quain  ('09), 
Fig.  158,  p.  141,  and  Fig.  181,  p.  166;  Villiger  ('12),  Fig.  168, 
p.  182. 

We  have  now  completed  our  first  survey  of  the  somatic  sen- 
sory systems  of  the  spinal  cord  and  the  medulla  oblongata 
cept  their  connections  with  the  cerebellum.     These  will  be  taken 
up  after  the  examination  of  the  visceral  sensory  and  the  m 
centers  of  the  medulla  oblongata. 

84.  Visceral  sensory  system. — In   the   microscopic   sections 
i<  lentify  and  draw  the  fasciculus  solitarius  and  its  nucleus.     (See 
Section  62  (4)  and  (5)).    This  fasciculus  is  made  up  chiefly  of 
root-fibers  of  the  VII,  IX,  and  X  cranial  nerves  carrying  both 
general   and  special   visceral   sensory  nervous  impulses,   the 
special  fibers  being  gustatory  in  function  (Herrick  '15,  Fig.  114). 
Root-fibers  of  some  or  all  of  these  nerves  may  be  seen  in  the 
sections  entering  the  fasciculus.    Both  the  general  and  the 
special  visceral  sensory  fibers  end  in  the  nucleus  of  the  fascicu- 
lus solitarius,  the  gustatory  fibers  probably  in  its  upper  end. 
In  the  region  of  the  ala  cinerea  (Herrick  ('15),  Figs.  71  to  74) 
the  nucleus  is  enlarged  dorsally  and  comes  to  the  surface  of  the 
floor  of  the  fourth  ventricle  at  the  lateral  border  of  the  ala  cinerea. 
The  fasciculus  solitarius  and  its  nucleus  correspond  with  the 
visceral  sensory  column  seen  in  the  brain  of  the  dogfish  (Section 
23) .    For  the  dissection  of  the  fasciculus  solitarius  in  the  human 
brain  see  Section  110. 

In  connection  with  this  section  read  Herrick  ('15),  Chap. 
XVII,  and  Johnston  ('06),  Chap.  IX. 

85.  The  organs  of  taste. — If  microscopic  material  showing  the 
structure  of  the  taste-buds  is  available  it  should  be  examined  in 
connection  with  the  study  of  the  visceral  sensory  system  (see 
Bailey  ('16),  pp.  229-232,  593;  Cunningham  ('15),  pp.  854- 
856;  Sheldon  ('18),  Fig.  337).     There  has  been  much  dispute 
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among  neurologists  regarding  the  nerve-roots  by  which  taste- 
fibers  reach  the  brain.  The  student  should  become  familiar 
with  the  various  theories  (see  Gushing  ('03),  Herrick  ('15),  Fig. 
115,  and  the  accompanying  discussion). 

86.  Visceral   efferent   system. — In   the   microscopic   sections 
identify  and  draw  the  dorsal  motor  X  nucleus  under  the  ala 
cinerea.     See  Section  62  (4)  and  Herrick  ('15),  Figs.  71  to  74  and 
114.     This  is  the  general  visceral  efferent  nucleus  of  the  vagus. 
The  general  visceral  efferent  nuclei  of  the  IX  and  VII  nerves  are 
respectively  the  inferior  and  superior  salivatory  nuclei  (see  Her- 
rick ('15),  Figs.  71,  73,  and  114).    These  are  not  easily  identified 
in  the  sections.     Identify  also  the  nucleus  ambiguus  (Herrick 
(;15),  Figs.  71  to  74  and  114)  and  the  chief  motor  nuclei  of  the  VII 
and  V  nerves.     These  are  the  nuclei  of  the  special  visceral  motor 
components.     Look  for  fibers  passing  out  from  them  into  the 
V,  VII,  IX,   and  X  nerves.      Extending  from   the  nucleus 
ambiguus  downward    into    the  spinal  cord  is  the  nucleus  of 
the  XI  nerve.     In  the  upper  levels  of  the  cervical  cord  these 
cells  form  the  lateral  gray  column.     Fibers  may  be  seen  pass- 
ing directly  lateralward  from  this  nucleus  into  the  spinal  roots 
of  the  XI  nerve. 

Sections  of  the  midbrain  through  the  nucleus  of  the  III  nerve 
will  show  a  median  group  of  cells  of  this  nucleus,  the  nucleus  of 
Edinger-Westphal  (see  Herrick  ('15),  Fig.  71)  which  sends  gener- 
eral  visceral  efferent  fibers  to  the  ciliary  ganglion. 

Visceral  reflexes  may  be  effected  by  short  and  very  simple  con- 
nections between  the  afferent  visceral  sensory  fibers  terminating 
in  the  nucleus  of  the  fasciculus  solitarius  and  the  efferent  visceral 
fibers  arising  from  the  motor  nuclei  mentioned  in  the  preceding 
paragraphs.  The  neurones  of  the  nucleus  of  the  fasciculus  soli- 
tarius serve  to  connect  these  primary  centers  (see  Herrick  ('15), 
Fig.  113).  On  the  visceral  efferent  system  in  general,  see  John- 
ston ('06),  Chap.  XII. 

87.  Somatic  motor  nuclei. — This  system  is  represented  in  the 
III,  IV,  VI,  and  XII  nerves.     These  nuclei  and  the  root-fibers 
arising  from  them  should  be  drawn  in  the  outlines  of  the  sec- 
tions (see  references  under  required  drawings  Section  62;  also 
Bailey  ('16),  Fig.  354,  p.  524;  Herrick  ('15),  Figs.  71,  75,  and  86, 
and  the  discussion  in  Chaps.  IX  and  XI;  Johnston  ('16),  Chap. 
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XI;  Morris  ('14),  pp.  931,  932,  Fig.  661,  p.  837,  Fig.  663,  p.  839; 

VilliKcr('12),Fig.  162,  p.  175). 

88.  Correlation  fibers  of  the  medulla  oblongaia. — Afferent  nerve- 
fibers  enter  the  medulla  oblongata  by  the  sensory  roots  of  the  V 
to  X  cranial  nerves  and  by  certain  tracts  from  the  spinal  cord. 
Some  of  those  fibers  effect  secondary  connections  with  t  he  < 
helium  as  described  below;  some  of  the  other  connections  are  as 
follows : 

The  peripheral  general  cutaneous  fibers  from  the  head  are  <li>- 
charged  into  the  chief  sensory  and  spinal  V  nuclei.  The  axons 
of  the  neurons  of  these  nuclei  in  part  connect  with  the  various 
motor  nuclei  of  the  brain-stem  for  local  reflexes,  and  in  part 
ascend  to  the  thalamus  through  the  trigeminal  lemniscus,  as 
already  mentioned. 

The  central  connections  of  the  general  proprioceptive  fibers 
of  the  head  are  unknown.  Probably  the  mesencephalic  V 
nucleus  is  related  to  this  system. 

The  special  proprioceptive  fibers  from  the  labyrinth  are  re- 
ceived by  the  vestibular  nuclei,  as  already  described;  the  axons 
of  these  cells  reach  the  various  motor  nuclei  of  the  bulb,  the 
cerebellum  (through  the  vestibulo-cerebellar  tract)  and  the 
spinal  cord  (through  the  vestibulo-spinal  tract) .  The  fasciculus 
longitudinalis  medialis  is  an  important  correlation  tract  for  this 
system  (see  Section  92). 

The  chief  central  pathway  from  the  cochlear  nuclei  is  the 
lateral  lemniscus  already  studied;  but  in  addition  to  this  there 
are  manifold  reflex  connections  between  these  nuclei,  the  nuclei 
of  the  trapezoid  body,  the  superior  olives,  the  nuclei  of  the 
lateral  lemniscus,  and  the  inferior  colliculus  on  one  hand  and  the 
motor  nuclei  of  the  bulb  and  spinal  cord  on  the  other  hand. 
The  spinal  connection  is  chiefly  through  the  tecto-spinal  tract  of 
the  cord  (Herrick  ('15),  Fig.  59). 

Visceral  reflexes  may  be  effected  by  short  and  very  >imple 
connections  between  the  nucleus  of  the  fasciculus  snlitarius  and 
the  motor  nuclei  of  the  bulb.     There  is  also  a  visceral  lemn 
conducting  visceral  impulses  upward  to  the  diencephalon,  but 
the  course  of  these  fibers  in  the  human  brain  is  unknoun. 

89.  The  irticxlar  formation  (see  Ilerrick  ('15),  Figs.  69,  73, 
81,  and  83). — In  addition  to  the  direct  and  relatively  simple  con- 
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nections  between  the  sensory  and  the  motor  nuclei  referred  to 
in  the  preceding  sections,  there  are  more  diffuse  connections  for 
more  complex  reflexes  through  the  formatio  reticularis.  This 
is  a  complex  of  gray  with  many  bundles  of  myelinated  fibers 
running  through  it  in  the  ventro-lateral  regions  of  the  medulla 
oblongata.  Locate  it  in  the  sections  and  indicate  it  in  the  draw- 
ings. This  tissue  is  reached  by  fibers  from  all  sensory  nuclei 
of  the  medulla  oblongata  and  the  axons  of  its  neurons  are 
distributed  to  the  various  motor  nuclei.  It  is  the  direct  continu- 
ation of  the  reticular  formation  of  the  cervical  cord  (see  Herrick 
('15),  Fig.  58,  "processus  reticularis")  and  its  fibers  (the  formatio 
reticularis  alba)  are  functionally  similar  to  the  fasciculi  proprii 
of  the  cord. 

90.  Arcuate  fibers. — The  correlation  fibers  just  described  in 
part  connect  various  nuclei  of  the  same  side  of  the  brain,  and  in 
part  they  cross  to  the  opposite  side.     The  decussating  fibers  are 
called  arcuate  fibers.    Some  of  them  cross  obliquely  through  the 
deeper  levels  of  the  oblongata  (internal  arcuate  fibers),  while 
others  form  a  thin  but  dense  layer  of  obliquely  transverse  fibers 
on  the  extreme  outer  surface  (external  arcuate  fibers,  see  Herrick 
('15),  Fig.  72).     Both  sorts  of  arcuate  fibers  are  evident  in  sec- 
tions at  most  levels  of  the  medulla  oblongata. 

91.  The  spino-bulbar  tracts. — Various  ascending  tracts  from 
the  spinal  cord  to  the  brain  have  already  been  mentioned. 
Some  of  these  fibers  pass  through  the  medulla  oblongata  to  end 
in  the  thalamus  and  the  cerebellum.     Others,  like  the  fasciculus 
gracilis  and  fasciculus  cuneatus,  end  in  the  medulla  oblongata 
and,  after  a  synpase  here,  are  continued  upward  to  the  thalamus 
under  a  different  name.     The  fibers  of  any  of  these  tracts  may 
give  off  collaterals  into  the  gray  centers  of  the  cord  and  the 
correlation  centers  of  the  brain  stem.     Similar  fibers  reach  the 
midbrain  (tractus  spino-tectalis,  see  Herrick  ('15),  Figs.  59  and 
75).     These  connections  serve  for  reflexes  of  more  complex 
sorts  than  can  be  effected  in  the  spinal  cord  alone,  in  contrast 
with  the  lemniscus  systems  terminating  in  the  thalamus  and 
thence  connecting  with  the  cerebral  cortex,  which  may  serve 
conscious  reactions.     The  spino-bulbar  connections  are  diffuse 
and  are  not  readily  seen  in  sections,  though  physiologically  they 
are  important. 
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92.  The  longitudinal  medial  bundle. — The  fasciculus  longitud- 
inalis  medialis  (the  posterior  longitudinal  bundle)  is  an  important 
longitudinal  motor  co-ordination  system  which  can  easily  be 
followed  in  the  microscopic  sections  through  the  whole  length 
of  the  midbrain  and  bulb  and  downward  into  the  fasciculus  pro- 
prius  of  the  cord.    It  is  composed  of  heavily  myelinated  fibers 
lying  near  the  median  plane  immediately  ventrally  of  the 
ventricle.    It  has  already  been  noted  in  connection  with  the 
vestibular  apparatus  (Section  83).     If  its  entire  course  has  not 
already  been  entered  in  the  drawings,  this  should  be  done  now. 
It  arises  in  front  of  the  III  nucleus  and  is  related  with  all  of  the 
motor  nuclei  of  the  brain  and  spinal  cord.     It  is  used  in  conju- 
gate movements  of  the  eyeballs,  in  vestibule-oculomotor  eqnil- 
ibratory  reactions,  and  in  many  other  reflex  movements.    See 
Barker  ('01),  Fig.  406,  p.  617;  Bruce  ('92),  Plate  XXVII,  Fig.  1; 
Cunningham  ('15),  Fig.  524,  p.  590;  Piersol  ('13),  Fig.  965,  p. 
1117. 

93.  Dissection  of  the  longitudinal  medial  bundle. — On  the  right 
side  of  the  divided  sheep's  brain  this  tract  can  be  brought  to 
view  by  gentle  scraping  in  the  longitudinal  direction  on  the 
median  cut  surface  immediately  ventrally  of  the  fourth  ventricle. 
In  this  way  the  fasciculus  can  be  exposed  throughout  the  entire 
length  of  the  brain  stem. 

94.  Microscopic  study  of  the  pyramidal  tract. — The  tractus 
cortico-spinalis  (fasciculus  cerebro-spinalis  of  the  B  N  A),  or 
pyramidal  tract,  is  the  great  descending  voluntary  motor  path 
between  the  motor  areas  of  the  cerebral  cortex  and  the  lower 
motor  centers.     It  can  be  readily  identified  in  the  sections 
through  the  middle  regions  of  the  medulla  oblongata  (see  refer- 
ences in  Section  62),  lying  ventrally  close  to  the  median  plane 
below  the  olives.     From  the  level  of  the  olives  follow  it  upward 
also.     Immediately  below  the  pons  it  forms  a  sharp  projection 
on  the  ventral  surface,  the  pyramid,  from  which   the  tract 
receives  its  name.    Its  fibers  can  be  followed  into  the  substance 
of  t  he  pons.   Here,  as  the  sections  are  followed  upward,  the  fibers 
of  the  cortico-pontile  tracts  are  added  to  them,  so  when  they 
emerge  upon  the  ventral  surface  of  the  cerebral  peduncle  above 
the  pons,  the  pyramidal  fibers  form  only  the  middle  part  of  the 
basis  pedunculi,  with  cortico-pontile  fibers  on  each  side  of  them. 
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Enter  the  pyramidal  tract  in  the  sketches,  consulting  Herrick 
('15),  Fig.  75,  for  its  position  in  the  cerebral  peduncle.  The 
following  references  are  also  suggested:  Bailey  (16),  Fig.  331, 
p.  486;  Cunningham  ('15),  Fig.  480,  p.  545;  King  ('11);  Morris 
('14),  Fig.  664,  p.  841,  and  Fig.  706,  p.  897;  Piersol  ('13),  Fig. 
1026,  p.  1187;  Rauber-Kopsch  ('07),  Figs.  689,  690,  pp.  627,  628; 
Toldt  ('09),  Fig.  1216,  p.  790;  Fig.  1229,  p.  800;  Villiger  ('12), 
Figs.  176,  179,  181,  182. 

95.  Dissection  of  the  pyramidal  tract. — The  pyramidal  tract 
can  readily  be  dissected  in  the  brains  of  the  sheep  and  of  man. 
If  only  one  human  brain  is  to  be  dissected  and  it  is  desired  to 
make  the  optional  dissections,  this  tract  should  not  be  exposed 
in  this  specimen  at  this  time  (see  Section  138). 

On  the  right  half  of  the  brain  of  the  sheep  (see  Fig.  8)  locate 
the  pyramid  on  the  ventral  surface  below  the  pons.  Strip  the 
pons  fibers  back  from  the  cut  median  surface  for  a  short  distance 
so  as  to  expose  the  longitudinal  pyramidal  fibers  dorsally  of 
them.  In  the  sheep  the  pyramidal  fibers  will  be  found  to  inter- 
digitate  with  those  of  the  trapezoid  body  and  one  or  the  other  of 
these  systems  will  have  to  be  partially  destroyed  to  expose  the 
other.  In  following  the  pyramidal  tract  spinalward,  careful 
teasing  will  separate  its  fibers  as  far  down  as  their  decussation, 
below  which  they  can  no  longer  be  dissected.  For  their  spinal 
course  see  King  ('11). 

From  the  pons  upward  the  pyramidal  tract  can  be  dissected 
through  the  cerebral  peduncle,  the  number  of  associated  cortico- 
pontile  fibers  being  much  less  than  in  man.  The  further  dis- 
section of  the  pyramidal  tract  through  the  cerebral  hemisphere 
should  be  deferred  (see  Sections  138  and  150). 

7.  Structure  and  Connections  of  the  Cerebellum 

96.  The  cerebellar  peduncles. — There  are  three  of  these  pe- 
duncles:  the    superior    (brachium    conjunctivum),  the    middle 
(brachium  pontis),  and  the  inferior  (corpus  restiforme). 

(a)  Gross  structure. — The  cerebellar  peduncles  have  been  sev- 
ered in  both  the  human  and  the  sheep's  brain  (Section  49). 
Examine  their  cut  surfaces  on  the  dorsal  aspect  of  the  medulla 
oblongata  (for  the  sheep  see  Fig.  11).  With  the  orange-wood 
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stick  separate  the  fibers  of  the  three  peduncles  from  each  other 
on  the  cut  surface  and  continue  tin  -ep:(  ration  of  the  sujM-rior 
and  middle  peduncles  for  1  cm.  or  less  in  a  downward  direct  inn. 

On  the  left  half  of  the  sheep's  brain  expose  the  inferior 
peduncle,  or  restiform  body,  by  the  removal  of  the  cochlear 
nuclei  (cf.  Section  81)  and  tease  out  its  fibers  from  their  cut 
ends  downward  along  the  dorso-lateral  border  of  the  medulla 
oblongata.  They  cross  the  fibers  of  the  spinal  V  tract  super- 
ficially from  their  dorsal  to  their  ventral  border  and  continue 
into  the  cord  as  the  dorsal  spino-cerebellar  tract  of  Flechsig 
(see  Fig.  12). 

The  fibers  of  the  middle  peduncle,  or  brachium  pontis,  of  the 
left  side  were  partially  dissected  when  studying  the  cochlear 
nuclei  (Section  81).  Their  dissection  may  now  be  comple 

The  superior  peduncle,  or  brachium  conjunctivum,  can  now 
be  dissected  further  to  its  decussation  in  the  cerebral  peduncle 
under  the  colliculus  superior. 

For  the  dissection  of  the  human  cerebellar  peduncles,  see 
Sections  103-105. 

(b)  Microscopic  study  of  the  cerebellar  peduncles. — In  the 
microscopic  sections  locate  the  inferior  cerebellar  peduncle 
(corpus  restiforme)  immediately  below  its  connection  with 
the  cerebellum.  Following  it  downward  it  will  be  found  to 
receive  fibers  from  the  vestibular  nucleus  (see  Section  83)  and 
the  inferior  olive  of  the  opposite  side  (olivo-cerebellar  tract; 
see  Herrick  ('15),  Figs.  72  and  87). 

Some  of  its  fibers  can  also  be  followed  downward  into  the 
spinal  cord,  where  they  are  known  as  the  dorsal  spino-cerebellar 
tract  (fasciculus  cerebello-spinalis  of  Flechsig  in  the  BNA 
list).  For  the  courses  of  this  dorsal  *  spino-cerebellar  tract 
(of  Flechsig)  and  of  the  ventral  spino-cerebellar  tract  (of 
Cowers)  in  the  spinal  cord  and  brain  stem,  see  Barker  ('01), 
Chaps,  XL  and  XLI;  Bailey  ('16),  Fig.  345,  following  p.  512; 
Herrick  ('15),  Figs.  59,  63,  73,  83,  87;  Morris  ('14),  1  i-  707, 
p.  898;  Piersol  ('13),  Fig.  946,  p.  1095. 

In  your  sections,  of  the  spinal  cord  and  brain  stein  the  libers  of 
the  ventral  spino-cerebellar  tract  cannot  be  separate! > 
nized.     They  ascend  in  the  lateral  funiculus  and  in  tin-  medulla 
oblongata  accompany  the  spinal  lemnisciis  fibers  lying  super- 
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ficially  just  dorsally  of  the  inferior  olive.  In  transverse 
sections  of  the  isthmus  region  immediately  below  the  decussa- 
tion  of  the  IV  nerves  these  fibers  can  be  recognized  for  a  short 
distance  on  the  extreme  dorso-lateral  surface  external  to  those 
of  the  brachium  conjunctivum  and  dorsally  of  those  of  the 
lateral  lemniscus.  At  this  point  they  are  turning  dorsalward 
from  the  brain  stem  to  curve  backward  into  the  substance  of 
the  cerebellum. 

The  superior  cerebellar  peduncle  (brachium  conjunctivum)  can 
be  easily  followed  in  the  sections  from  the  cerebellum  forward 
and  downward  into  the  midbrain  to  its  decussation  under  the 
aqueduct  of  Sylvius  and  its  termination  in  the  red  nucleus 
(nucleus  ruber)  of  the  opposite  side  (see  Morris  ('14),  Fig.  638, 
p.  811). 

The  brachium  pontis  is  also  easily  identified  in  the  sections. 

All  of  the  cerebellar  tracts  mentioned  in  this  section  should 
be  entered  in  your  drawings  of  the  cross-sections,  using  reference 
books  to  complete  the  incomplete  demonstrations  of  their 
courses  which  have  been  possible  in  your  microscopic  sections, 
(c)  Summary  of  the  cerebellar  peduncles. — (See  Herrick 
('15),  Fig.  87.)  " 

The  inferior  peduncle  (corpus  restiforme)  is  composed  chiefly 
of  ascending  fibers  from  the  great  proprioceptive  sensory  cen- 
ters of  the  spinal  cord  (dorsal  spino-cerebellar  tract  of  Flechsig), 
from  the  inferior  olive  (olivo-cerebellar  tract),  and  from  the 
vestibular  root  and  nucleus  of  the  VIII  nerve  (vestibulo- 
cerebellar  tract) . 

The  middle  cerebellar  peduncle  (brachium  pontis)  is  a  system 
of  fibers  running  from  the  nuclei  of  the  pons  to  the  opposite 
cerebellar  hemisphere.  The  nuclei  of  the  pons  receive  impor- 
tant descending  tracts  from  the  cerebral  cortex  (cortico-pontile 
tracts) .  The  fibers  of  the  brachium  pontis  arise  from  the  nuclei 
of  the  pons,  thus  transmitting  nervous  impulses  derived  from 
the  cerebral  cortex  to  the  cortex  of  the  opposite  cerebellar 
hemispheres. 

The  superior  peduncle  (brachium  conjunctivum)  is  the  chief 
efferent  pathway  from  the  cerebellum.  These  fibers  arise 
chiefly  from  the  dentate  nucleus  (Section  98),  enter  the  mid- 
brain,  and  cross  to  the  opposite  side  under  the  aqueduct  of 


THE    MAMMALIAN    NERVOUS   SYSTEM  81 

Sylvius,  after  which  they  end  in  or  near  the  red  nucleus  (nucleus 
ruber)  under  the  superior  colliculus.  The  superior  peduncle 
also  contains  ascending  fibers  from  the  spinal  cord  (ventral 
spino-cerebellar  tract  of  Cowers). 

Between  the  superior  peduncles  is  stretched  a  thin  sheet  of 
nervous  tissue,  the  anterior  medullary  velum.  This  contains 
nerve-fibers  from  the  tectum  or  roof  of  the  corpora  quadri- 
gemina  to  the  cerebellum,  the  tecto-cerebellar  tract. 

97.  Inferior  olives,  pontile  nuclei,  arcuate  nuclei,  subst 
nigra. — These  gray  centers  of  the  brain  stem  are  all  functionally 
related  with  the  cerebellum.    All  of  these  nuclei  (except  perhaps- 
the  arcuate)  send  fibers  to  the  cerebellar  hemisphere  of  the  op- 
posite side  (see  Strong  ('15)).    Identify  all  of  these  nuclei  and 
enter  them  in  the  sketches.    The  cerebellar  connections  of  the 
inferior  olive  (olivo-cerebellar  tract,  see  Herrick  ('15),  Figs.  72, 
83  and  87)  and  of  the  pontile  nuclei  (brachium  pontis,  see  Herrick 
('15),  Fig.  87)  should  also  be  identified  and  indicated  on  the 
sketches.    The  inferior  olives  and  arcuate  nuclei  receive  in- 
ternal and  external  arcuate  fibers  from  the  sensory  nuclei  of 
the  oblongata.    The  inferior  olive  receives  also  a  strong  tract 
from  the  thalamus  (central  tegmental  tract)  and  a  smaller 
tract  from  the  spinal  cord  (spino-olivary  tract,  see  Herrick  ('15), 
Fig.  87).     These  cannot  be  easily  distinguished  in  the  sections. 
Its  chief  discharge  path  is  the  olivo-cerebellar  tract  and  a  smaller 
one  (the  olivo-spinal  tract)  discharges  into  the  spinal  cord. 

98.  Cerebellar  nuclei. — In  addition  to  the  superficial  cortical 
gray  matter  of  the  cerebellum  there  are  several  deep  gray  masses. 
The  largest  of  these  is  the  dentate  nucleus  lying  within  each 
cerebellar  hemisphere,  from  whose  neurones  most  of  the  fibers 
of  the  superior  cerebellar  peduncle  arise.     Smaller  gray  masses 
are  found  under  the  vermis  near  the  roof  of  the  fourth  ventricle. 
These  are  the  nuclei  emboliformis,  globosus,  and  fastigii.    These 
nuclei  are  not  easily  seen  in  a  dissection  of  a  sheep's  brain,  but 
may  readily  be  found  in  either  gross  or  microscopic  sections  of 
the  human  brain. 

See  Cunningham  ('15),  Figs.  511,  512,  and  535;  Morris  ('14), 
Figs.  637  and  638;  Piersol  ('13),  Figs.  950  and  951;  Quain  ('09), 
Vol  III,  Part  1,  Figs.  185-189;  Spalteholz  ('09),  Fig.  743;  Toldt 
('04),  Figs.  1182-1189. 
6 
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99.  Microscopic  structure  of  the  cerebellar  cortex. — Examine 
and  draw  the  sections  of  cerebellar  cortex  provided,  and  with  the 
aid  of  your  reference  books  build  up  a  mental  picture  of  the 
connections  of  the  different  types  of  cortical  neurons.  See 
Herrick  ('15),  Fig.  89  and  the  accompanying  discussion,  and 
references  cited  at  the  end  of  Section  100. 

100.  Structure,  subdivision,  and  functions  of  the  cerebellum. — 
Compare  the  external  form  of  the  cerebellum  in  the  fish,  sheep, 
and  man,  and  note  that  variations  in  the  size  of  the  cerebellar 
hemispheres  are  correlated  with  those  of  the  pons.  What  are 
the  fiber  connections  of  the  pons,  and  with  what  remote  part  of 
the  brain  is  it  in  functional  connection?  Identify  the  vermis, 
hemispheres,  and  flocculus  of  the  cerebellum.  Arbor  vitce 
is  a  name  given  to  the  appearance  of  the  cerebellar  gray  and 
white  matter  as  seen  in  median  section  of  the  vermis. 

The  cerebellum  is  a  great  proprioceptive  center  of  coordina- 
tion. We  have  already  learned  that  it  is  connected  by  afferent 
fiber  tracts  with  the  primary  basal  proprioceptive  apparatus  of 
the  spinal  cord  and  brain  stem.  And  it  is  also  intimately  related 
with  the  cerebral  cortex  through  the  cortico-pontile  fiber  tracts 
(Section  96,  c).  Nervous  mechanisms  for  the  performance  of 
all  simple  reflex  and  voluntary  acts  are  provided  in  other  parts 
of  the  central  nervous  system;  but  the  participation  of  the 
cerebellum  is  necessary  for  the  performance  of  all  complex 
movements,  especially  for  equilibration,  motor  coordination, 
and  the  maintenance  of  muscular  tone. 

The  human  cerebellum  is  subdivided  anatomically  into  a  very 
large  number  of  parts,  the  names  of  which  are  given  in  all  of  the 
larger  text-books  of  anatomy.  Recent  investigations  of  the 
comparative  anatomy,  comparative  embryology,  experimental 
physiology,  and  pathology  of  the  cerebellum  have  revealed  a 
rather  obscure  type  of  functional  localization  within  the  cere- 
bellum which  bears  no  simple  relation  to  the  anatomical  sub- 
divisions as  defined  in  the  BNA  tables. 

Broadly  speaking,  there  are  centers  within  the  cerebellar 
cortex  for  muscular  coordination  and  tonic  control  of  the  more 
cephalic  parts  of  the  body  in  the  dorsal  and  rostral  parts  of  the 
cerebellum.  Centers  for  the  similar  control  of  the  more  caudal 
muscular  complexes  extend  around  the  caudal  margin  of  the 
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B  N  A  BOLK 
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Fig.  13. — The  human  cerebellum  from  above. 


Lobulus  centralis 

Ala  lobuli  centralis 

Brachium  pontis 

Flocculus 

Brachium 


Uvula 
Tonailla 
Lobulus  biventer 


Lobulus  semi-  ^-~  —        anaifonnia 

lunaris  inferior 
Sulcua  horizontalis  • 
Lobulus  seinilu- 
naris  superior 

Fig.  14.  —  The  human  cerebellum  from  below. 

In  these  two  diagrams  the  principal  subdivisions  of  the  cerebellum  are 
indicated  and  the  B  N  A  names  are  designated  at  the  left.  At  the  right 
are  the  names  given  by  Bolk  to  these  structures  and  one  fissure  not  named 
by  Bolk,  the  sulcus  postclivalis  (*S.pci.),  as  named  by  Symington  in  Quain's 
Anatomy.  The  sulcus  primarius  of  Bolk  and  Kuithan  is  the  same  as  the 
furcal  sulcus  of  Stroud,  the  fissura  prima  of  Elliot  Smith,  and  the  sulcus 
preclivalis  of  Symington.  The  lobulus  simplex  of  Bolk  extends  across  the 
median  plane  and  includes  the  decliye  of  the  B  N  A  in  the  vermis. 

Tlu'  functional  localization  within  the  cerebellar  cortex  as  determined 
by  Bolk,  Rynberk,  and  others  is  also  indicated  on  the  figures.  Head 
movements  are  controlled  in  the  lobus  anterior  of  Bolk,  i.  e.,  all  parts  in 
front  of  the  sulcus  primarius.  The  lobus  simplex  controls  neck  move- 
ments. Arm  and  leg  movements  are  controlled  in  the  lobus  ansiformis  and 
trunk  movements  in  the  inferior  vermis. 


to   the   inferior   surface.     Centers   for   bilaterally 

coordinated  movements  of  paired  groups  of  muscles  are  median 
and  unpaired.     The  centers  for  the  motor  control  of  each  limb 
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separately  lie  laterally  on  the  corresponding  side  of  the  cere- 
bellum. 

The  general  arrangement  of  these  functional  regions  is  shown 
in  Figs.  13,  14,  15,  and  16,  though  many  details  are  still  ob- 
scure. In  particular,  it  has  not  been  possible  to  separate  the 
arm  areas  from  the  leg  areas  in  man;  but  experimental  studies 
on  other  mammals  suggest  that  the  leg  area  lies  inferior  to  the 
arm  area,  as  indicated  in  Fig.  14.  The  type  of  motor  control 
exercised  by  the  cerebellum  is  evidently  very  different  from  that 
of  the  motor  centers  of  the  cerebral  cortex.  The  latter  deter- 
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Fig.  15. — A  sagittal  section  through  the  vermis  of  the  human  cerebel- 
lum. The  B  N  A  names  of  the  parts  are  given  and  also  the  functional 
localization  as  determined  by  Bolk,  Rynberk,  and  others.  The  areas  of 
the  head  and  neck  extend  lateralward  as  indicated  on  Fig.  13.  The  area 
for  control  of  movements  of  the  trunk  is  limited  to  the  inferior  vermis. 
The  area  for  the  limbs  in  the  tuber  vermis  is  for  the  control  of  coordinated 
movements  of  both  members  of  a  pair,  while  the  arm  and  leg  areas  shown 
in  Fig.  13  and  14  control  the  separate  movements  of  these  limbs. 

mines  what  movement  is  to  be  made;  the  former  appears  to 
be  concerned  only  with  the  synergic  control  of  the  muscles 
whose  activity  is  called  forth  by  other  centers. 

The  nomenclature  of  the  cerebellum  is  in  great  confusion, 
each  investigator  having  developed  his  own  terminology. 
In  Figs.  13,  14,  15,  and  16  the  SNA  names  are  indicated  and 
the  names  used  by  Bolk  and  some  other  more  recent  students 
are  given  for  comparison. 

On  the  structure,  connections,  and  general  functions  of  the 
cerebellum  consult  especially  the  following  works:  Bailey 
(16),  pp.  513-520;  Cunningham  (15),  pp.  570-581;  Herrick 
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('15),  Chap.  XII;  Howell  ('15),  pp.  233-245;  Johnston  ('06), 
Chap.  XV;  Luciani  ('15);  Quain  ('09),  pp.  67-202;  Rauber- 
Kopsch  ('07),  Schaefer  ('00);  Sheldon  ('18),  Chap.  VIII;  Spalte- 
holz  ('09);  Starling  ('12);  Starr,  Strong  and  Learning  ('96); 
Stewart  ('14);  Strong  ('15);  Toldt  ('04). 
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Fig.  16. — The  same  section  shown  in  Fig.  15  with  the  names  of  the 
cerebellar  fissures.  Bolk's  names  are  printed  in  full;  others  are  abbre- 
viated. Between  the  lingula  and  the  lobus  centralis  is  the  sulcus  pre- 
centralis  (S.prcen.)  of  Symington.  Above  the  lobulus  centralis  is  the 
sulcus  postcentralis  (S.pcen.)  of  Symington,  or  fissura  preculminata  of 
Elliot  Smith.  The  sulcus  primarius  of  Bolk  is  the  fissura  prima  of  Elliot 
Smith  and  the  sulcus  preclivalis  of  Symington.  Above  the  declive  is  the 
sulcus  postclivalis  (S.pcl.)  of  Symington.  Between  the  folium  and  the 
tuber  is  the  sulcus  horizontalis  magnus  (S.h.m.)  of  Symington.  Between 
the  tuber  and  the  pyramis  is  the  sulcus  postpyramidalis  (S.ppy.)  of  Syming- 
ton. Below  the  pyramis  is  the  fissura  secunda  of  Bolk  and  Elliot  Smith, 
or  sulcus  prepyramidalis  of  Symington.  Between  the  uvula  and  the 
nodulus  is  the  sulcus  uvulo-nodularis  of  Bolk  or  sulcus  postnodularis  of 
Symington.  For  a  corresponding  section  of  the  cerebellum  of  the  sheep, 
see  Fig.  10. 

The  recent  investigations  bearing  on  functional  localization 
in  the  cerebellum  (Figs.  13-16)  are  numerous.  They  are  very 
briefly  summarized  with  a  bibliography  by  Davidson  Black 
('16).  See  also:  Andrea-Thomas  and  Durupt  ('14);  Babinski 
and  Tournay  ('12);  Barany  ('12);  Bolk  ('06);  Howell  ('15), 
pp.  243-245;  Luciani  ('15);  Van  Rynberk  ('07  and  '12)— criti- 
cal summaries  with  full  bibliographies;  Smith  ('03). 


8.  Summary  of  Spinal,  Bulbar,  and  Cerebellar  Tracts  and  Centers 

101.  Now  review  your  sketches  of  the  cross-sections  of  the 
spinal  cord  and  brain  stem,  fixing  in  mind  the  entire  course  of 
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each  tract  there  represented  between  the  thalamus  and  the 
lower  end  of  the  spinal  cord.  The  individual  drawings  may  also 
be  filled  in,  if  desired,  by  the  addition  of  other  details,  and  colored 
(for  color  scheme  see  Section  62). 

In  the  accompanying  List  of  Conduction  Pathways  the  more 
important  tracts  of  the  brain  stem  are  arranged  according  to  a 
functional  classification,  and  each  neuron  of  a  conduction  path 
is  given  a  separate  entry.  The  tracts  of  the  prosencephalon 
(thalamus  and  cerebral  hemispheres)  have  not  yet  been  studied ; 
but  their  names  are  entered  in  the  List,  printed  in  black-face 
type,  for  future  reference. 

Using  this  Lis't  as  a  basis,  now  prepare  a  Table  of  Conduction 
Pathways  which  may  be  made  up  according  to  the  pattern  illus- 
trated on  page  89,  where  the  first  three  entries  of  the  List  are 
filled  into  the  Table.  The  remaining  items  of  the  List  should 
also  be  entered  in  the  Table,  giving  each  entry  of  the  List  a 
horizontal  line  in  the  Table.  In  the  first  column  of  the  Table 
in  place  of  the  name  of  the  tract  we  have  entered,  for  economy  of 
space,  simply  the  numerical  symbols  of  the  tracts  as  given  in 
the  List. 

Not  all  of  the  tracts  here  listed  can  be  demonstrated  either 
by  dissection  or  by  the  study  of  microscopic  sections  of  the  nor- 
mal nervous  system.  Their  courses  have  been  demonstrated 
by  a  combination  of  anatomical,  physiological,  and  pathological 
observations.  The  data  for  the  Table  will,  accordingly,  be 
derived  partly  from  your  laboratory  notes  and  partly  from  the 
reference  books. 

Spaces  should  be  left  in  the  Table  for  the  prosencephalic 
tracts  printed  in  black  face  type  in  the  List,  and  these  are  to  be 
filled  in  later  in  the  course,  after  which  the  Table  will  present 
a  complete  summary  of  all  of  the  tracts  studied.  This  will  be 
of  value  for  the  final  review  and  correlation  (Section  153). 
The  relations  of  the  olfactory  tracts  are  so  complex  that  these 
may  be  omitted  from  the  Table  and  a  special  table  or  diagram 
constructed  for  them  (see  Section  130). 

This  correlation  of  the  anatomical  data  into  functional 
conduction  systems  is  the  most  important  part  of  the  course 
and  should  be  done  as  thoroughly  as  possible  and  submitted 
for  examination  at  the  close  of  the  course,  with  the  laboratory 
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LIST  OF  CONDUCTION  PATHWAYS 

A.    ASCENDING    (SENSORY)    SYSTEMS 

/.  General  Somatic  Sensory,  Exteroceptive 

1.  Touch  and  pressure  of  trunk  and  limbs. 

1)  Peripheral  neurons  in  spinal  nerves. 

2)  Secondary  path  in  spinal  Irmniscus  (tr.  .spino-thalamicus  ven trails). 

3)  Tertiary  path  to  cortex  (projection  tract). 

2.  Pain  and  temperature  of  trunk  and  limbs. 

1  )   Peripheral  neurons  in  spinal  nerves. 

2)  Secondary  path  in  spinal  lemniscus  (tr.  spino-thalamicus  lateralis). 

3)  Tertiary  path  to  cortex  (projection  tract). 

3.  Cutaneous  sensibility  of  head. 

1)  Peripheral  neurons  in  V,  IX,  and  X  cranial  nerves. 

2)  Secondary  path  in  trigeminal  lemniscus. 

3)  Tertiary  path  to  cortex  (projection  tract). 

II.  General  Somatic  Sensory,  Proprioceptive 
1.  Muscle  sense,  etc.,  of  trunk  and  limbs. 

1)  Peripheral  neurons  in  spinal  nerves  and  dorsal  funiculi. 

2)  Thalamir  secondary  path  in  medial  lemniscus. 

3)  Tertiary  path  to  cortex  (projection  tract). 

4)  Cerebellar  secondary  path  in  dorsal  spino-cerebeUar  tract. 

5)  Cerebellar  secondary  path  in  ventral  spino-cerebellar  tract. 

6)  Olivary  secondary  path  in  spino-olivary  tract  (?). 

///.  Special  Somatic  Sensory,  Proprioceptive 
1 .  Vestibular  nerve. 

1)  Peripheral  neurons. 

2)  Secondary  path  to  cerebellum  by  vestibulo-cerebellar  tract. 

3)  Secondary  path  to  cord  by  vestibulo-spinal  tract. 

4)  Secondary  path  to  oculomotor  and  spinal  nuclei  by  fasciculus 

longitudinalis  medialis. 

5)  Secondary  paths  to  motor  nuclei  of  bulb  by  arcuate  fibers. 

IV.  Special  Somatic  Sensory;  Exteroceptive 

1.  Cochlear  nerve. 

1)  Peripheral  neurons. 

2)  Secondary  path  from  dorsal  nucleus,  acoustic  striae  and  lateral 

lemniscus. 

3)  Secondary  path  from  ventral  nucleus,  trapezoid  body,  and  lateral 

lemniscus. 

4)  Secondary  paths  to  motor  nuclei  of  bulb  and  midbrain. 

5)  Inferior  colliculus  to  thalamus. 

6)  Thalamus  to  cortex  (auditory  projection  tract). 

2.  Optic  system. 

1)  Receptors  (rods  and  cones). 

2)  Granule  cells  of  the  retina. 

3)  "Ganglion"  cells  of  retina. 

a)  to  colliculus  superior. 

b)  to  thalamus. 

4)  Reflex  path  colliculus  superior  to  cord  (tecto-spinal  tract). 

5)  Thalamus  to  cortex  (optic  projection  tract). 
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V.  General  and  Special  Visceral  Sensory 

1.  Visceral  sensory  fibers  from  sympathetic  in  spinal  nerves. 

(Secondary  connections  unknown.) 

2.  Visceral  sensory  and  gustatory  fibers  in  VII,  IX,  and  X  cranial  nerves 

and  fasciculus  solitarius. 
(Secondary  connections  unknown.) 

B.    DESCENDING    (EFFERENT)    SYSTEMS 

I.  Visceral  Efferent 

1.  General  visceral  efferent  of  spinal  cord. 

«.    1)  Preganglionic  neurons  in  intermedio-lateral  column  of  cord. 

2)  Postganglionic  neurons  in  sympathetic  ganglia. 

2.  General  visceral  efferent  of  brain. 

1)  Preganglionic  neurons  in  III  nucleus  for  ciliary  ganglion. 
2)  Postganglionic  neurons  in  ciliary  ganglion. 

3)  Preganglionic  neurons  in  superior  salivatory  nucleus  of  VII  nerve 

for  sublingual  and  submaxillary  glands. 

4)  Postganglionic  neurons  in  submaxillary  ganglion. 
5)  Preganglionic  neurons  in  inferior  salivatory  nucleus  of  IX  nerve 
for  parotid  salivary  gland. 

6)  Postganglionic  neurons  in  otic  ganglion. 

7)  Preganglionic  neurons  in  dorsal  motor  nucleus  of  vagus  and  ad- 
jacent centers  for  cardiac,  respiratory,  and  other  visceral 
reactions. 

8)  Postganglionic    neurons    in    various    sympathetic    ganglia 
associated  with  the  vagus. 

3.  Special  visceral  efferent. 

1)  Masticatory  movements  from  motor  V  nucleus. 

2)  Mimetic  movements  from  motor  VII  nucleus. 

3)  Movements  of  pharynx,  larynx,  esophagus  from  the  nucleus  am- 

biguus. 

4)  Movements  of  shoulder  from  XI  nucleus  (primitively  visceral  but 

secondarily  somatic  in  type). 

//.  Somatic  Efferent 

1.  Movements  of  eyeball  from  motor  III,  IV  and  VI  nuclei. 

2.  Movements  of  tongue  from  XII  nucleus. 

3.  Movements  of  trunk  and  limb  musculature  from  ventral  gray  column. 

4.  Reflex  motor  paths  in  cord — fasciculus  proprius. 

5.  Reflex  motor  paths  in  brain  stem. 

1)  Equilibratory  reflexes  in  tractus  vestibulo-spinalis. 

2)  Oculomotor  and  equilibratory  reflexes  in  fasciculus  longitudinalis 

medialis. 

3)  Optic  and  acoustic  reflexes  in  tractus  tecto-spinalis. 

6.  Voluntary  motor  path. 

1)  Pyramidal  tract  for  somatic  motor  centers  of  cord. 

2)  Peripheral  motor  neurons  of  spinal  nerves. 

3)  Fibers  associated  with  pyramidal  tract  for  somatic  and  special 

visceral  voluntary  motor  nuclei  of  brain  stem   (cortico-bulbar 
tracts). 

4)  Peripheral  motor  neurons  of  cranial  nerves. 
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C.   SUMMARY   OF   CEREBELLAR   CONNECTIONS 

1.  Afferent. 

1)  Tractus  spino-cerebellaris  dorsalis. 

2)  Tractus  spino-cerebellaris  ventral  is. 

3)  Tractus  vestibulo-cerebellaris. 

4)  External  and  internal  arcuate  fibers. 

5)  Central  tegmental  bundle  to  inferior  olive. 

6)  Spine-olivary  tract  to  inferior  olive. 

7)  Tractus  olivo-cerebellaris. 

8)  Tractus  olivo-spinalis. 

9)  Cortico-pontile  tracts  to  pons. 

10)  Pons  to  cerebellum  by  brachium  pontis. 

11)  Tecto-cerebellar  tract  through  velum  medullare  anterius. 

2.  Efferent. 

1)  Brachium  conjunctivum  to  nucleus  ruber. 

2)  Tractus  rubro-thalamicus  to  thalamus  and  cerebral  cortex. 

3)  Tractus  rubro-spinalis  to  cord. 

4)  Tractus  cerebello-tegmentalis  to  reticular  formation  of  brain  stem 

by  all  three  cerebellar  peduncles. 

TABLE  OF  CONDUCTION  PATHWAYS 


Name. 

Cells  of 
origin. 

Location 
and  course. 

Decussation. 

Termination. 

Function. 

A  I   1    1) 

A  I  1  2) 

A  I  1  3) 
A  I  2  1) 

spinal 
ganglion 

dorsal 
gray 
column 

• 

lateral 
nucleus  of 
thalamus 

peripheral 
nerves  and 
dorsal 
roots 
ventral 
funiculus 
of  cord 

internal 
capsule 

(Table  c< 

dorsal 
gray 
column 

lateral 
nucleus  of 
thalamus 

postcentral 
gyrus 

touch  and 
pressure" 

touch  and 
pressure 

touch  and 
pressure 

ventral 
commis- 
sure of 
cord 

:>ntinued) 

notebooks.  So  far  as  possible  indicate  the  source  of  the  stimulus 
for  each  fiber  system  (sense  organ,  motor  areas  of  cerebral 
cortex,  or  associational  nucleus,  etc.,  as  the  case  may  be),  the 
complete  course  of  the  path,%the  number  of  neurones  involved 
in  the  path  and  their  limits,  collateral  reflex  connections,  and  the 
organ  at  which  the  path  terminates. 

A  useful  exercise  is  to  imagine  a  localized  injury  which  de- 
stroys a  particular  center  or  tract  or  group  of  tracts  at  some 
point,  and  then  to  determine  what  symptoms  would  result  from 
the  injury  in  question. 
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9.  Optional  Dissections  of  the  Brain  Stem 

102.  The  dissections  described  in  the  preceding  pages  can 
be  performed  upon  either  sheep  or  human  brains,  even  though 
the  latter  be  not  very  well  preserved.     In  the  following  pages 
(Sections  103  to  111)  directions  are  given  for  a  more  complete 
dissection  of  some  of  the  structures  of  the  human  brain  stem 
than  it  is  practicable  to  carry  out  upon  the  sheep's  brain,  and 
for  these  dissections  well-preserved  human  brains  which  have 
been  hardened  in  formalin  are  necessary.     All  of  these  dis- 
sections can  be  performed  on  one  lateral  half  of  the  human 
brain,  save  that  the  connections  of  the  cerebellar  peduncles 
(Sections  103  to  105^  within  the  cerebellum  cannot  easily  be 
demonstrated   in   case   the   cerebellum   has   previously   been 
removed  as  described  in  Section  49. 

These  dissections,  being  in  some  cases  more  difficult  than 
those  previously  described,  can  best  be  done  as  a  review  exercise 
after  completion  of  the  preceding  exercises.  Upon  completion 
of  the  dissection  of  Sections  103  to  111  preserve  the  specimen 
for  later  use  (Sections  141  to  151). 

103.  Corpus  restiforme. — Upon  lifting  up  the  posterior  border 
of  the  cerebellum  a  strong  band  of  fibers  is  seen  leaving  the 
posterior  part  of  the  cerebellar  peduncle  complex  to  turn  back- 
ward along  the  dorso-lateral  border  of  the  oblongata.     This, 
the    corpus   restiforme,    is    crossed   immediately   behind   the 
cerebellum  by  the  dorsal  root  and  nucleus  of  the  VIII  nerve 
(tuberculum    acusticum).     Cut    through    this    cochlear    VIII 
root  and  reflect  its  fibers  so  as  to  expose  the  dorsal  aspect  of 
the  corpus  restiforme,  but  do  not  remove  the  VIII  root  and 
nucleus.     Locate  the  vestibular   (ventral)   root  of  the  VIII 
nerve.     Its  fibers  pass  under  the  corpus  restiforme  to  enter  the 
vestibular  nucleus  in  the  floor  of  the  fourth  ventricle  medi- 
ally of  the  corpus  restiforme.     Vestibular  VIII  root  fibers  pass 
from  the  vestibular  root  into  the  corpus  restiforme  and  also 
other  fibers  of  the  second  order  from  the  vestibular  nucleus  to 
its  medial  border;  but  their  dissection  should  not  be  attempted 
at  this  time.     Trace  the  restiform  body  backward  and  note  that 
it  receives  external  arcuate  fibers  from  the  somatic  sensory 
region  of  the  opposite  side.     At  the  level  of  the  inferior  olive 
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the  restiform  body  receives  on  its  ventral  side  a  large  tract  from 
the  olive,  but  this  cannot  be  dissected  at  this  time  without 
destroying  the  intervening  structures  ventrally  of  the  restiform 
body.  At  the  level  of  the  olive  the  restiform  body  turns  slightly 
ventral  ward,  crossing  superficially  the  anterior  end  of  the  tuber- 
culum  cinereum  (tubercle  of  Rolando  or  spinal  V  tract),  and 
then  passes  backward  ventrally  of  the  most  superficial  fibers 
of  the  tuberculum  cinereum.  Dissect  out  this  part  of  the 
restiform  body  and  follow  it  backward  into  the  spinal  cord, 
where  it  will  be  seen  to  form  the  dorsal  spino-cerebellar  tract 
of  Flechsig  (Section  96).  Summarizing  the  corpus  restiforme, 
this  inferior  peduncle  of  the  cerebellum  is  composed  chiefly  of 
ascending  fibers  from  the  great  proprioceptive  sensory  centers 
of  the  spinal  cord,  the  inferior  olive,  and  the  vestibular  root 
and  nucleus  of  the  VIII  nerve. 

104.  Brachium  pontis. — At  the  base  of  the  cerebellum  locate 
the  fibers  of  the  brachium  pontis,  which  form  the  most  lateral 
fibers  of  the  cerebellar  peduncles.  Beginning  at  the  most 
ventral  part  of  the  pons,  gradually  tease  off  the  pons  fibers, 
stripping  them  upward  a  few  at  a  time  into  the  cortex  of  the 
cerebellar  hemisphere,  and  note  the  way  in  which  those  from 
the  anterior  (rostral)  border  of  the  pons  pass  obliquely  back- 
ward ventrally  of  those  from  the  posterior  (caudal)  border. 
Trace  these  two  layers  out  separately  and  determine  their 
distribution  in  the  cerebellar  hemisphere.  In  the  dissection  of 
the  pons  be  careful  to  preserve  the  fibers  of  the  V  nerve.  The 
brachium  pontis  fibers  as  a  whole  form  two  thick  layers,  the 
fibrae  superficiales  and  the  fibrae  profundae,  separated  by  the 
longitudinal  fibers  of  the  pons  (pyramidal  tract,  etc.).  The  two 
layers  of  pons  fibers  above  mentioned  belong  to  the  super- 
ficial system.  Strip  off  the  remaining  superficial  pons  fibers 
until  the  longitudinally  directed  pyramidal  tracts  arc  exposed. 
The  fibers  of  the  brachium  pontis  will  be  now  seen  to  inter- 
digitate  with  the  fascicles  of  longitudinal  fibers.  These  fasciculi 
can  be  followed  forward  into  the  midbrain  where  they  form  the 
most  ventral  fibers  of  the  pedunculus  cerebri.  Expose  these 
longitudinally  directed  fibers  for  a  short  distance  forw;.r«l 
(rostrad)  and  backward  (caudad)  of  the  pons.  Do  not  com- 
pletely dissect  them,  but  leave  them  in  place  for  future  reference. 
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They  will  be  found  to  form  three  chief  systems.  The  most 
medial  and  the  most  lateral  bundles  of  the  fiber  complex  which 
forms  the  ventral  part  of  the  cerebral  peduncle  in  front  of  the 
pons,  are  cortico-pontile  tracts  from  the  cerebral  cortex  to  the 
pontile  nuclei  (cf.  Herrick  ('15),  Figs.  75,  87),  where,  after  a 
synapse,  their  nervous  impulses  are  taken  up  by  the  neurones 
of  the  pontile  nuclei  and  carried  through  the  brachium  pontis 
to  the  cortex  of  the  opposite  cerebellar  hemisphere.  The  middle 
bundles  of  the  cerebral  peduncle  contain  the  pyramidal  tract 
(tr.  cortico-spinalis)  which  can  be  dissected  through  the  pons  to 
reappear  below  on  the  ventral  surface  of  the  oblongata  as  the 
pyramid  (pyramis).  Its  further  course  will  be  dissected  later. 
The  chief  constituent  of  the  brachium  pontis  is  thus  seen  to  be  a 
system  of  fibers  arising  in  the  pontile  nuclei  for  carrying  ner- 
vous impulses  from  the  cerebral  cortex  (by  the  cortico-pontile 
tracts)  to  the  cerebellar  hemispheres  of  the  opposite  side. 

105.  Brachium  conjunctivum. — First  examine  the  anterior 
medullary  velum  (velum  medullare  anterius),  within  which  near 
the  median  plane  careful  teasing  will  reveal  a  thin  sheet  of 
fibers  running  longitudinally  between  the  roof  of  the  colliculus 
inferior  and  the  vermis  cerebelli.  This  tractus  tecto-cerebellaris 
(Herrick  ('15),  Fig.  87)  is  not  commonly  included  in  the  brach- 
ium conjunctivum,  but  it  can  best  be  seen  at  this  time. 

The  true  brachium  conjunctivum  (superior  peduncle)  forms 
the  medial  part  of  the  cerebellar  peduncle  complex  at  the  point 
where  it  joins  the  cerebellum  (Fig.  11).  Its  fibers  are  directed 
from  the  cerebellum  forward  and  downward.  Their  further 
dissection  in  the  midbrain  (decussation  and  connection  with 
the  red  nucleus)  will  not  be  taken  up  at  this  time.  They  should, 
however,  be  dissected  up  into  the  cerebellum,  where  they  will 
be  seen  to  connect  with  the  dentate  nucleus.  This  tract  is  the 
chief  efferent  pathway  from  the  cerebellum.  Accompanying 
the  tract  for  the  red  nucleus  are  other  descending  fibers  for  the 
motor  centers  in  the  reticular  formation  (tegmentum)  of  the 
midbrain  and  oblongata  (tr.  cerebello-tegmentalis)  which  cannot 
easily  be  separated  from  those  for  the  red  nucleus  (Herrick 
('15),  Fig.  87). 

There  is  another  important  component  of  the  brachium 
conjunctivum,  the  tractus  spino-cerebellaris  ventralis  of  Gowers 
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(sec  Section  96).  At  the  lower  end  of  the  oblongata  caudad  of 
the  inferior  olive  this  tract,  together  with  the  spinal  lemniscus, 
can  be  recognized,  in  the  gross  preparation,  lying  immediately 
ventrally  of  the  tr.  spino-cerebellaris  dorsalis  of  Flechsig  and 
dorsally  and  laterally  of  the  olive.  Dissect  the  mixed  bundle 
out  in  this  position  and  trace  it  forward.  It  can  be  followed  to 
a  level  near  the  pons.  Its  further  course  (which  cannot  easily 
be  dissected)  is  as  follows  (see  Section  107) :  At  about  the  level 
of  the  upper  border  of  the  pons  the  fibers  of  the  ventral  spino- 
cerebellar  tract  separate  from  the  lemniscus  fibers  and  turn 
abruptly  dorsalward,  then  backward,  to  enter  the  brachiu-m 
conjunctivum.  Through  the  brachium  conjunctivum  they 
enter  the  vermis  of  the  cerebellum  medially  of  the  dentate 
nucleus. 

106.  The  cochlear  nuclei  and  lateral  lemniscus. — Determine 
again  the  positions  of  the  cochlear  and  vestibular  roots  of  the 
VIII  nerve.  Identify  the  dorsal  and  ventral  cochlear  nuclei. 
Fibers  from  the  dorsal  nucleus  (striae  medullares  acusticse) 
can  be  followed  across  the  floor  of  the  fourth  ventricle.  At 
the  midline  these  fibers  decussate  and  pass  ventralward  to  the 
superior  olive  of  the  opposite  side.  From  the  ventral  cochlear 
nucleus  fibers  of  the  trapezoid  body  pass  ventralward  and  medial- 
ward,  at  first  embedded  in  the  deepest  fibers  of  the  pons.  They 
reach  the  superior  olive  of  the  same  and  the  opposite  side. 
They  can  be  dissected,  though  their  separation  from  the  deep 
fibers  of  the  pons  is  very  difficult.  From  the  superior  olive 
of  the  opposite  side  the  conduction  path  which  continues  both 
the  dorsal  and  the  ventral  cochlear  pathways  (striae  medullares 
and  trapezoid  bodies  respectively)  is  the  lateral  lemniscus,  whose 
fibers  terminate  in  the  colliculus  inferior  of  the  midbrain  and  the 
medial  geniculate  body  of  the  thalamus.  This  portion  of  the 
lateral  lemniscus  can  best  be  dissected  from  above  downward 
(cf.  Sections  81  and  82). 

Lift  up  the  occipital  pole  of  the  cerebral  hemisphere  and  locate 
the  superior  and  inferior  colliculi  on  the  dorsal  surface  of  the 
midbrain.  Extending  backward  and  downward  from  the 
inferior  colliculus  is  a  flat  ridge  formed  by  the  fibers  of  the 
lateral  lemniscus.  These  fibers  lie  dorsally  of  those  of  the  cere- 
bral peduncle  and  superficially  of  those  of  the  brachium  con- 
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junctivum;  at  the  upper  border  of  the  pons  they  turn  inward 
and  can  be  followed  downward  dorsally  of  the  deep  fibers  of  the 
pons  to  the  superior  olive.  This  small  nucleus  is  difficult 
to  identify,  since  its  cell  bodies  are  scattered  among  the  fibers, 
but  its  position  is  indicated  at  the  place  where  the  lemniscus 
fibers  turn  abruptly  medialward.  (Compare  the  next  paragraph 
for  the  relations  of  the  spinal  lemniscus  to  the  lateral  lemniscus 
and  Section  82  for  the  microscopic  appearance  of  this  region.) 

107.  Having  traced  the  fibers  of  the  lateral  lemniscus  back- 
ward to  the  superior  olive,  the  ventral  spino-cerebellar  tract 
(of  Gowers)  and  the  spinal  lemniscus  (see  Section  105)  may  now 
be  traced  from  the  lower  border  of  the  pons  to  the  upper  border 
of  the  superior  olive,  where  they  will  be  seen  to  accompany  the 
lateral  lemniscus  from  this  level  forward.  The  ventral  spino- 
cerebellar  tract  accompanies  the  lateral  lemniscus  complex 
into  the  midbrain,  where  its  fibers  may  be  seen  to  sepa- 
rate from  the  others  and  to  enter  the  cerebellum  by  the  way 
of  the  brachium  conjunctivum,  lying  more  superficially  than 
the  tract  from  the  dentate  nucleus  to  the  red  nucleus. 

108.  The  medial  lemniscus. — Identify  again  the  nucleus 
of  the  fasciculus  gracilis  and  the  nucleus  of  the  fasciculus 
cuneatus.  These  receive  proprioceptive  fibers  from  the  spinal 
cord  by  way  of  the  fasciculus  gracilis  and  fasciculus  cuneatus. 
The  cell  bodies  of  these  nuclei  send  their  axones  to  the  thalamus 
by  way  of  the  medial  lemniscus.  In  the  pons  region  this 
lemniscus  lies  ventrally  and  medially  of  the  superior  olive  and 
medially  of  the  lateral  lemniscus,  whose  fibers  it  adjoins  during 
their  course  through  the  upper  pons  and  midbrain  regions. 

Identify  the  medial  lemniscus  in  the  region  of  the  superior 
olive.  It  will  be  found  as  a  broad  band  of  longitudinally  directed 
fibers  near  the  midplane  immediately  dorsally  of  the  deepest 
fibers  of  the  pons.  Tracing  them  downward  they  become 
crowded  into  the  space  between  the  two  inferior  olives.  Under 
the  nuclei  of  the  fasciculus  gracilis  and  fasciculus  cuneatus  these 
fibers  cross  the  midplane  and  then  turn  abruptly  dorsal  ward  in 
numerous  strands  to  connect  with  these  nuclei  of  the  opposite 
side. 

In  the  dissection  of  the  medial  lemniscus  in  the  medulla  ob- 
longata  care  must  be  taken  not  to  destroy  the  pyramidal  tract 
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which    lies   vent  rally  of  it  and  the  fasciculus  longitudinalis 
medialis  and  tecto-spinal  tract  which  lie  dorsally  of  it. 

In  the  midbrain  the  medial  Idmniscus  fibers  split  off  from 
those  of  the  lateral  lemniscus  shortly  before  the  latter  enter 
the  inferior  colliculus  and  the  medial  geniculate  body  (Her  rick 
('15),  Fig.  75).  The  medial  lemniscus  continues  almost  directly 
forward,  lying  ventrally  and  medially  of  the  lateral  lemniscus, 
and  ends  in  the  lateral  and  ventral  nuclei  of  the  thalmus  (Her- 
rick  ('15),  Figs.  77  and  78),  but  at  this  stage  of  the  work  it 
should  not  be  dissected  farther  forward  than  the  midbrain. 

109.  The  fasciculus  longitudinalis  medialis. — In  the  medulla 
oblongata  the  fibers  of  the  fasciculus  longitudinalis  medialis 
(posterior  longitudinal  bundle)  will  be  found  running  close  to  the 
median  plane  and  immediately  under  the  floor  of  the  ventri<  1<  . 
In  the  lower  parts  of  the  medulla  this  tract  lies  directly  dorsally 
of  the  medial  lemniscus  and  separated  from  it  by  the  tecto- 
spinal  tract,  but  in  the  pons  region  and  midbrain  these  two  tracts 
are  far  separated.     In  the  dissection  of  this  tract  work  from  the 
cut  median  surface  lateralward  and  do  not  disturb  the  floor  of 
the  fourth  ventricle  (cf.  Sections  92  and  93). 

110.  The  fasciculus  solitarius. — The  fasciculus  solitarius  can 
now  be  dissected  out.     Locate  again  the  ala  cinera  (trigonum 
vagi)  in  the  floor  of  the  fourth  ventricle.     This  marks  the  posi- 
tion of  the  dorsal  vagal  nuclei.     Tease  off  these  superficial  gray 
masses  and  expose  the  slender  fasciculus  solitarius  which  lies 
below  them.     Follow  this  tract  downward  and  upward  to  its 
ends  (cf.  Section  84). 

111.  The  pyramidal  tract. — Now  complete  the  dissection  of 
the  pyramidal  tract  (tractus  cortico-spinalis)  f  rom  the  pons  down- 
ward and  note  the  decussating  fibers  of  this  tract  on  the  cut 
median  surface  at  the  lower  end  of  the  oblongata.     These 
crossed  fibers  form  the  lateral  cortico-spinal  tract  of  the  cord. 
A  small  part  of  the  pyramidal  tract  does  not  decussate,  but 
descends  directly  and  forms  the  ventral  cortico-spinal  tract  of  the 
cord  (cf.  Sections  94  and  95). 

10.  The  Cerebrum 

112.  The  cerebrum  comprises  all  parts  of  the  brain  in  front  of 
the  isthmus.     It  is  further  subdivided  into  the  mesencephalony 
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diencephalon,  and  telencephalon.  Like  the  rhombencephalon, 
the  cerebrum  includes  a  stem  portion,  or  segmental  apparatus, 
and  a  suprasegmental  apparatus  (the  cerebral  cortex). 

The  brain  stem,  as  a  whole,  is  devoted  to- the  simpler  reflex  and 
instinctive  activities,  while  the  cerebral  cortex  serves  the  higher 
functions  of  association.  The  cerebral  hemispheres  make  up 
the  greater  part  of  the  telencephalon.  Each  cerebral  hemisphere 
comprises  cortical  and  basal  or  stem  portions.  The  latter 
includes  the  olfactory  bulb,  anterior  perforated  space  (tuber- 
culum  olfactorium),  septum,  corpus  striatum,  and  some  other 
parts.  The  cortex  (pallium)  has  two  great  subdivisions, 
archipallium  (old  cortex)  and  neopallium  (new  cortex).  The 
archipallium  attains  its  maximum  development  in  lower  mam- 
mals and  is  chiefly  devoted  to  olfactory  correlations.  It  com- 
prises the  hippocampus  and  part  of  the  gyrus  hippocampi 
(hippocampal  lobe  or  pyriform  lobe).  The  neopallium  is  non- 
olfactory  cortex  and  attains  its  highest  development  in  the 
human  brain.  In  the  sheep  also  it  is  more  extensive  than  the 
archipallium,  occupying  the  convex  dorsal  surface  of  the  hemi- 
sphere. 

113.  The  midbrain  and  thalamus. — On  the  median  surfaces 
of  the  sheep  and  human  brains  review  the  aqueduct  of  Sylvius, 
the  boundaries  of  the  third  ventricle,  and  the  other  landmarks 
in  the  midbrain  and  thalamus  (see  Section  59).  On  the  lateral 
aspect  of  the  specimens  locate  the  colliculus  inferior,  colliculus 
superior,  corpus  geniculatum  mediale,  corpus  geniculatum 
laterale  (medial,  or  internal,  and  lateral,  or  external,  geniculate 
bodies),  and  the  pulvinar.  In  the  sheep  the  lateral  geniculate 
body  is  not  clearly  separate  from  the  pulvinar,  forming  the  most 
ventral  part  of  the  eminence  which  includes  both  of  these 
structures.  The  medial  geniculate  body  (Fig.  12)  is  connected 
with  the  inferior  colliculus  by  a  clearly  defined  ridge,  the 
peduncle  of  the  inferior  colliculus  (brachium  quadrigeminum 
inferius).  The  connection  of  the  lateral  lemniscus  with  the 
inferior  colliculus  and  medial  geniculate  body  has  already  been 
mentioned  (Sections  81,  82,  and  106).  The  optic  tract  is 
similarly  related  to  the  superior  colliculus,  lateral  geniculate 
body,  and  pulvinar;  but  the  further  dissection  of  this  region  to 
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expose  these  connections  must  be  deferred  until  after  the  removal 
of  the  cerebral  hemisphere. 

J4^".  Examine  the  surface  of  the  human  cerebral  hemisphere 
and  locate  the  lobes  and  the  fissures  and  gyri  given  in  the  follow- 
ing list.  The  following  references  will  be  useful  in  identifying 
these  parts:  Cunningham  ('15),  Figs.  581,  582,  pp.  654,  655, 
Fig.  585,  p.  658,  Fig.  589,  p.  661;  Herrick  ('15),  Figs.  52. 
53,  54,  120;  Morris  (J14),  Figs.  675-679;  Piersol  ('13),  Figs. 
984-993,  pp.  1138-1152;  Spalteholz  ('09),  Figs.  705-714,  pp. 
637-644;  Toldt  ('04),  Figs.  1191-1197,  pp.  775-779. 

lobus  frontalis,  lobus  parietalis,  lobus  occipitalis,  lobus  tem- 

poralis,  insula  (island  of  Reil) 
fissura  cerebri  lateralis  (Sylvii) 

sulcus  centralis  (fissure  of  Rolando)  and  sulcus  precentralis 
sulci  temporalis  superior,  medius,  and  inferior 
fissura  calcarina  and  cuneus 
sulcus  cinguli  and  gyrus  cinguli 
fissura  collateralis 

gyri  frontalis  superior,  medius,  and  inferior 
operculum  insula)  (temporal,  parietal,  frontal,  and  orbital  parts) 
"Broca's  convolution"   (the  opercular  part  of  the  left  gyrus 

frontalis  inferior) 

gjrrus  centralis  anterior  (precentral  gyrus) 
gyrus  centralis  posterior  (postcentral  gyrus) 
gyri  temporalis  superior,  medius,  and  inferior 
gyrus  hippocampi  and  uncus,  fissura  hippocampi 

115.  The  cerebral  hemisphere  of  the  sheep.— Note  the  ar- 
rangement of  gyri  and  sulci  in  the  cerebral  hemisphere  of  the 
sheep  and  locate  the  motor  area  of  the  cortex  (see  Fig.  9, 
Simpson   and   King    ('11),   and   King   ('11)).     Compare  this 
arrangement  with  that  of   the  human  brain   and  note  the 
differences.     On  the  comparative  anatomy  of  the  sulci,  see 
Kappers  ('13). 

116.  Cortical  localization. — With  the  aid  of  the  gyri  and 
sulci  just  listed  locate  each  of  the  projection  centers  and  as- 
sociation areas  on  your  specimen.     The  following  references  may 
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be  consulted:  Barker  ('01),  Fig.  657,  p.  1037;  Cunningham  ('15), 
Fig.  588,  p.  660,  Fig.  591,  p.  663,  also  see  references  under 
Section  114;  Gushing  ('08)  and  ('09);  Edinger  ('93);  Edinger 
and  Fischer  ('13);  Flechsig  ('96);  Herrick  ('15),  Figs.  132-135; 
Howell  ('15),  Figs.  86-88,  pp.  195-197,  Fig.  97,  p.  222,  Figs. 
98-101,  pp.  227,  228,  also  discussions  in  Chap.  IX,  pp.  192-201, 
and  Chap.  X;  Monakow  ('14);  Morris  ('14),  Fig.  703,  p.  892, 
Fig.  704,  p.  894;  Villiger  ('12),  Figs.  118-122,  and  discussion  pp. 
m-130. 

"y  117.  Gross  structure  of  the  cerebral  cortex. — Remove  a  small 
rectangular  block  containing  about  one  square  centimeter  of 
cortex  from  each  of  the  following  centers  of  the  human  cerebral 
cortex:  visual,  auditory,  tactile,  motor,  prefrontal.  Cut  each 
block  so  as  to  exhibit  a  section  through  the  cortex  strictly 
perpendicular  to  the  surface  and  observe  with  a  lens  the  details 
of  the  lamination  of  the  gray  and  white  substance  within  the 
cortex.  These  distinctions  are  visible  only  in  well-preserved 
material;  cf.  Cunningham  ('15),  pp.  644-647;  Herrick  ('15), 
Fig.  122;  Quain  ('09),  Vol.  3,  pp.  372,  373,  and  Elliot  Smith 
('07). 

118.  Microscopic  structure  of  the  cerebral  cortex. — Study  the 
microscopic  sections  of  the  cerebral  cortex  supplied  and  note 
particularly  the  differences  in  the  lamination  of  the  cells  and 
fibers  in  the  different  regions.  See  Bailey  ('16),  pp.  542-549; 
Barker  ('01),  Figs.  655,  656,  pp.  1034,  1035;  Bolton  and  Moyes 
('12);  Brodmann  ('07);  Campbell  ('05);  Cunningham  ('15), 
Fig.  574,  p.  645,  and  also  the  references  under  Sections  114  and 
115;  Herrick  ('15),  Chap.  XIX;  Howell  ('15),  pp.  183-189; 
Villiger  ('12),  pp.  114-118. 

17  119.  Association  tracts  of  the  sheep. — Now  in  the  sheep's 
brain  by  careful  teasing  examine  the  arrangement  of  fibers  in 
the  subcortical  white  matter.  Only  a  part  of  these  fibers  are 
to  be  studied  at  this  time,  and  the  dissection  outlined  in  this 
section  should  not  be  carried  farther  than  directed.  It  will 
require  but  a  short  time. 

(1)  First,  along  the  dorsal  border  of  the  medial  surface  of 
the  hemisphere  scrape  away  the  gray  matter  covering  two  ad- 
jacent gyri.  This  will  bring  into  view  the  short  associational 
(arcuate)  fibers  connecting  these  gyri.  Further  teasing  will 
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show  that  similar  fibers,  lying  deeper  in  the  white  matter,  con- 
nect more  remote  gyri. 

(2)  Careful  dissection  of  the  lateral  surface  of  the  hemisphere 
will  show  that  from  other  association  areas  of  the  cerebral 
cortex  fibers  sweep  down  into  the  pyriform  (hippocampal)  lobe, 
indicating  the  linking-up  of  all  association  areas  of  the  neopal- 
lium  with  the  association  areas  of  the  archipallium. 

(3)  The  cingulum  is  a  long  associational  tract  running  close 
to  the  cortex  of  the  medial  surface  of  the  hemisphere.     In  part 
of  its  course  it  runs  parallel  with  the  dorsal  surface  of  the  corpus 
callosum.     It  begins  anteriorly  in  the  gyrus  subcallosus  under, 
the  rostrum  of  the  corpus  callosum,  arches  upward  at  the  genu  of 
the  corpus  callosum,  and  at  its  posterior  end  passes  around  the 
splenium  of  the  callosum  and  then  goes  downward,  forward, 
and  lateralward  to  the  region  of  the  hippocampal  gyrus.    Begin 
its  dissection  above  the  callosum  and  follow  it  in  both  directions 
to  its  termini. 

(4)  The  corpus  callosum. — These  fibers  connect  all  parts  of 
the  neopallium  of  one  hemisphere  with  those  of  the  opposite 
hemisphere.     Break  through  the  middle  of  the  cingulum  and 
tease  out  a  small  part  of  the  callosal  fibers  to  their  connection 
with  the  cortex.     Do  not  disturb  the  remainder  of  the  callosum 
at  this  time. 

(5)  The  corona  radiata. — This  name  is  given  to  those  fibers 
which  run  between  the  cortex  and  the  underlying  parts  of  the 
brain  stem.     Most  of  them  run  through  the  internal  capsule  of 
the  corpus  striatum  (see  Sections  138,  139,  144,  145,  and  Herrick 
('15),  Figs.  77,  79,  80).     They  include  the  projection  fibers 
of  the  great  sensory  systems  which  enter  the  thalamus,  various 
other  thalamo-cortical  connections,  the  voluntary  motor  cortical 
tracts  (including  the  pyramidal  and  cortico-bulbar  tracts),  and 
the  cortico-pontile  tracts.   These  fibers  are  named  from  the  fact 
that  they  diverge  from  the  upper  border  of  the  internal  capsule 
like  the  rays  of  a  crown.     In  the  dissection  at  this  stage  the 
broken  ends  of  the  vertical  corona  radiata  fibers  are  seen  break- 
ing through  the  transverse  sheet  of  callosal  fibers  which  run  at 
right  angles  to  them.     The  cingulum  and  other  longitudinal 
association  tracts  of  the  hemisphere  run  at  right  angles  to  lx>th 
of  these  systems. 
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120.  Association  tracts  of  the  human  brain. — In  the  human 
brain  tease  away  the  tissues  on  the  dorsal  and  lateral  walls  of 
the  hemisphere  and  dissect  out: 

(1)  short  association  fibers 

(2)  fasciculus  longitudinalis  superior 

(3)  fasciculus  occipito-frontalis  inferior 

(4)  fasciculus  uncinatus 

(5)  fasciculus  transversus  occipitalis 

(6)  fasciculus  longitudinalis  inferior 

(7)  the  cingulum 

These  represent  a  few  only  of  the  more  clearly  defined  asso- 
ciation bundles,  of  which  the  white  matter  of  the  hemispheres 
is  largely  made  up.  While  making  these  dissections  note 
the  relations  of  the  fibers  of  the  corpus  callosum  and  of  the  corona 
radiata.  In  well-preserved  brains  these  tracts  can  be  dissected 
out  with  great  completeness  (see  Section  141).  Even  in  poorly 
preserved  brains  some  of  them  can  usually  be  demonstrated. 
See:  Barker  ('01),  Chap.  LXVII,  pp.  1058-1069;  Cunningham 
('15),  Figs.  577,  578,  pp.  649,  650;  Curran  ('09);  Howell  ('15), 
Fig.  83,  p.  185;  Morris  ('14),  Figs.  701,  702,  p.  891;  Quain  ('09), 
Fig.  323,  p.  359;  Toldt  ('04),  Figs.  1230,  1231;  Villiger  ('12), 
Figs.  124-127,  p.  134. 

1/121.  Rhinencephalon. — The  entire  olfactory  part  of  the  brain 
is  called  the  rhinencephalon.  This  apparatus  is  so  much  more 
highly  developed  in  the  sheep  than  in  man  that  the  dissection 
is  much  more  readily  carried  out  upon  this  brain.  Before 
undertaking  the  following  dissection  look  up  in  the  reference 
books  the  structure  of  the  olfactory  epithelium,  nerve  and  bulb. 
See  Cunningham  ('15),  p.  623;  Herrick  ('15),  Chap.  XV; 
Howell  ('15),  pp.  299-305;  Villiger  ('12),  Fig.  116,  p.  118. 
On  the  nervus  terminalis  see  Section  47  (d). 

The  peripheral  olfactory  neurones  arise  from  cells  lying  in 
the  mucous  membrane  of  the  nose.  These  fibers  terminate  in 
the  olfactory  bulb,  which  is  the  primary  olfactory  center  of  the 
brain.  Here  lie  the  neurones  of  the  second  order  (mitral  cells), 
whose  axones  constitute  the  olfactory  tracts,  or  strice,  terminat- 
ing in  secondary  olfactory  centers  in  the  basal  parts  of  the 
cerebral  hemisphere. 

These  secondary  centers  in  the  aggregate  are  called  the  area 
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olfactoria  and  the  fibers  of  the  second  order  terminating  in  them 
are  called  tractus  olfactorius  (lateralis,  medialis,  and  inter- 
medius).  The  tracts  of  the  third  order  are  usually  named  by 
hyphenated  compound  words,  of  which  the  second  member 
designates  the  center  into  which  the  tract  discharges,  thus 
we  have  the  tractus  olfacto-habenularis,  tractus  olfacto-mam- 
illaris,  tractus  olfacto-corticalis,  etc.  The  tertiary  olfactory 
centers  into  which  these  tracts  of  the  third  order  discharge 
are  arranged  in  two  series:  (1)  the  basal  centers  of  the  dien- 
cephalon  and  cerebral  peduncle  for  olfactory  reflexes,  and  (2) 
the  cortical  centers  in  the  hippocampus  and  gyrus  hippocampi. 

122.  Peripheral  olfactory  organ— If  microscopic  sections  of 
the  nasal  epithelium  are  available,  they  should  be  studied  at 
this  time.     Note  that  this  sensory  epithelium  differs  histologic- 
ally  in  important  respects  from  any  other  in  the  human  body. 
See  Barker  ('01),  Fig.  208;  Herrick  ('15),  Figs.  36, 103,  and  104; 
Quain  ('09),  Figs.  70  and  71;  Sheldon  ('18),  Figs.  333  and  352. 

123.  Olfactory  tracts  of  the  sheep. — The  olfactory  fibers  of  the 
second  order  arise  from  the  mitral  cells  of  the  olfactory  bulb 
and  form  the  tractus  olfactorius,  of  which  there  are  three 
parts.    For  their  arrangements  in  the  sheep  see  Fig.  8. 

(1)  Stria  olfactoria  lateralis  (radix  lateralis  bulbi  olfactorii). — 
This  can  easily  be- "dissected  out,  following  the  fissura  rhinalis 
from  the  olfactory  bulb  to  the  tip  of  the  gyrus  hippocampi 
(lobus  hippocampi,  lobus  piriformis).     In  the  human  brain  it 
runs  farther  lateralward  in  the  lateral  fissure  to  the  border  of 
the  insula  and  then  bends  sharply  medialward  and  backward 
to  enter  the  uncus  of  the  temporal  lobe. 

(2)  Stria  olfactoria  medialis  (radix  medialis  bulbi  olfactorii). — 
This  can  be  dissected  out  and  will  be  found  to  ascend  on  the 
median  surface  of  the  hemisphere  and  to  terminate  chiefly  in  the 
medial  olfactory  area  under  the  genu  of  the  corpus  callosum. 
This  area  includes  the  gyrus  subcallosus  and  septum. 

(3)  Stria  olfactoria  intermedia. — This  lies  between  the  medial 
and  lateral  striae.     Part  of  it  can  be  dissected  out  directly  into 
the    anterior    commissure    (Burkholder    ('12),     Plate    XIX), 
within  which  it  decussates  to  terminate  in  the  anterior  perfor- 
ated space  (tuberculum  olfactorium)  of  the  opposite  hemisphere. 
This  tract  can  best  be  dissected  by  locating  the  anterior  com- 
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missure  on  the  median  surface  of  the  specimen  and  then  teasing 
its  fibers  out  as  they  pass  lateralward  and  forward  toward  the 
olfactory  bulb.  (The  anterior  commissure  contains  other 
fibers  besides  these,  some  of  which  pass  between  the  corpora 
striata  of  the  two  hemispheres  and  others  enter  the  stria 
terminalis;  see  Sections  125  (5)  and  132.)  A  second  part  of  the 
stria  olfactoria  intermedia,  composed  of  more  scattered  fibers, 
terminates  in  the  region  of  the  anterior  perforated  space  of  the 
same  side. 

124.  The  area  olfactoria. — This  area  includes  the  terminal 
nuclei  of  the  olfactory  tracts  mentioned  in  the  preceding  section. 

The  area  olfactoria  lateralis  includes  the  gray  matter  accom- 
panying the  lateral  olfactory  tract,  or  the  lateral  olfactory 
nucleus  (termed  by  Retzius  in  the  human  embryo,  lateral 
olfactory  gyrus;  see  Herrick  ('15),  Fig.  105),  and  the  part  of  the 
temporal  lobe  reached  by  the  lateral  olfactory  tract  (region  of 
the  uncus)  and  the  amygdala.  Cf.  Section  126  (3). 

The  area  olfactoria  medialis  includes  the  gyrus  subcallosus 
(pedunculus  corporis  callosi),  area  parolfactoria  of  Broca  and 
septum.  See  Herrick  ('15),  Fig.  52.  It  is  reached  by  the  medial 
olfactory  tract. 

The  area  olfactoria  intermedia  lies  between  the  two  areas  last 
mentioned  and  includes  the  anterior  perforated  space  (in  lower 
mammals  the  tuberculum  olf actorium) .  It  is  reached  by  the 
intermediate  olfactory  tract,  part  of  these  fibers  first  decussating 
in  the  anterior  commissure. 

Tracts  of  the  third  order  arise  from  all  parts  of  the  olfactory 
area,  and  these  will  be  considered  under  two  heads:  (1)  the  reflex 
tracts,  and  (2)  the  cortical  tracts. 

125.  Reflex  olfactory  tracts. — These  pass  from  the  olfactory 
area  to  the  brain  stem  centers  in  the  amygdala,  diencephalon, 
and  cerebral  peduncle.     Most  of  them  can  be  dissected  in  the 
brain  of  the  sheep.     See  Herrick  ('15),  Fig.  106. 

(1)  Tractus  olfacto-mamillaris. — This  is  a  diffuse  collection 
of  fibers  from  the  medial  and  intermediate  olfactory  areas 
passing  backward  dorsally  of  the  optic  chiasma  to  enter  the 
corpus  mamillare.     It  can  be  dissected,  though  with  some  dif- 
ficulty on  account  of  the  scattered  arrangement  of  its  fibers. 

(2)  Tractus  olfacto-habenularis. — Fibers  originating  with  those 
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last  described  can  be  seen  in  a  careful  dissection  to  separate 
from  them  below  the  interventricular  foramen  and  then  to 
turn  dorsalward  immediately  behind  the  foramen.  They 
enter  the  stria  medullaris  thalami,  a  strong  superficial  fiber 
tract  passing  across  the  rostral  border  of  the  thalamus  and 
bordering  the  taenia  thalami.  This  tract  is  sometimes  called 
the  tractus  taeniae;  it  terminates  in  the  habenula. 

•(3)  Tractus  olfacto-tegmentalis. — These  fibers  originate  with 
those  of  the  tractus  olfacto-mamillaris,  but  instead  of  terminat- 
ing in  the  mammillary  body  they  pass  on  to  enter  the  tegmenturn 
of  the  cerebral  peduncle.  They  can  be  dissected,  though  they 
are  hard  to  separate  from  tractus  olfacto-mamillaris. 

(4)  The  olfactory  projection  tract  of  Cajal  passes  from  the  lat- 
eral olfactory  area  and  amygdala  backward  into  the  regions  of 
the  mammillary  body  and  cerebral  peduncle.  We  have  not 
been  able  to  dissect  these  fibers,  but  they  can  be  demonstrated 
microscopically. 

\  (5)  Stria  terminalis. — This  tract  (also  called  stria  or  taenia 
semicircularis)  connects  the  medial  olfactory  area  in  the  vicin- 
ity of  the  anterior  commissure  with  the  amygdala  under  the 
uncus,  running  dorsally  of  the  internal  capsule  fibers  at  the  line 
of  contact  of  the  thalamus  with  the  cerebral  hemisphere.  The 
dissection  of  this  tract  should  not  be  made  at  this  time;  see 
Section  132. 

1  (6)  Diagonal  band  of  Broca. — This  is  a  ridge  extending  trans- 
versely across  the  ventral  aspect  of  the  cerebral  hemisphere 
between  the  area  olfactoria  intermedia,  or  tuberculum  olfacto- 
rium,  and  the  optic  chiasma  (Fig.  8).  It  contains  both  cells 
and  fibers,  the  latter  connecting  the  medial  olfactory'  area 
with  the  lateral  olfactory  area.  The  diagonal  band  and  the 
stria  terminalis  contain  correlation  fibers  connecting  the  same 
areas,  the  former  running  across  the  extreme  ventral  surface  of 
the  hemisphere  and  the  latter  across  the  extreme  dorsal  surface 
of  the  brain  stem  along  the  line  of  contact  of  the  cerebral 
hemisphere  with  the  thalamus. 

(7)  Tractus  mamillo-thalamicus  (tract  of  Vicq  d'Azyr  or 
tractus  thalamo-marnillaris) .  This  tract  runs  from  the  corpus 
mamillare  forward  and  dorsalward  to  the  nucleus  anterior  of 
the  thalamus.  It  can  readily  be  dissected  by  scraping  off  the 
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ependyma  of  the  third  ventricle,  beginning  in  the  region  of  the 
mammillary  body. 

'  (8)  Tractus  mamillo-tegmentalis. — By  very  slight  dissection, 
beginning  in  the  median  plane,  this  tract  can  be  exposed.  It 
runs  from  the  mammillary  body  dorsalward  and  spinalward 
through  the  tegmental  region  under  the  aqueduct  of  Sylvius. 

4  (9)  Tractus  mamillo-peduncularis.  This  tract  arises  with  the 
last  and  runs  somewhat  farther  ventrally  in  the  cerebral  pe- 
duncle. 

1  (10)  Tractus  habenulo-peduncularis  (fasciculus  retroflexus,  or 
Meynert's  bundle).  This  tract  also  can  readily  be  dissected. 
It  runs  from  the  habenula  into  the  ventral  part  of  the  cerebral 
peduncle  immediately  behind  the  mammillary  body,  crossing  the 
tractus  mamillo-tegmentalis  at  a  somewhat  deeper  level  (more 
laterally) . 

The  three  tracts  last  mentioned  carry  olfactory  nervous 
impulses  into  the  motor  centers  of  the  cerebral  peduncle.  After 
synapses  here  the  pathways  are  continued  to  the  lower  motor 
centers. 

126.  Cortical  olfactory  tracts. — All  parts  of  the  olfactory 
area  discharge  tracts  of  the  third  order  into  the  cerebral  cortex 
(hippocampus  and  gyrus  hippocampi). 

v  (1)  Tractus  olfacto-corticalis  medialis. — These  fibers  ascend 
from  the  medial  and  intermediate  olfactory  areas  close  to  the 
median  plane  between  the  corpus  callosum  and  the  anterior 
commissure  to  enter  the  body  of  the  fornix  and  fimbria.  They 
are  drawn,  but  not  named,  in  the  region  marked  S  in  Fig.  106  of 
Herrick  ('15).  They  -pass  through  the  fimbria  to  terminate  in 
the  hippocampus  (see  Section  127). 

(2)  Stria  longitudinalis  medialis  ("nerve"  of  Lancisius).  A 
few  fibers  belonging  to  the  same  system  as  the  last  pass  dorsally 
instead  of  ventrally  of  the  corpus  callosum.  By  exposing  the 
dorsal  surface  of  the  callosum  they  can  be  seen  curving  around 
the  genu,  passing  backward  along  its  dorsal  surface  close  to  the 
median  plane,  then  curving  ventrally  around  the  splenium  to 
enter  the  underlying  hippocampus  (see  Burkholder  ('12), 
Plates  XI  and  XII).  These  fibers  are  accompanied  by  the 
thin  gray  "indusium  verum,"  which  is  a  vestige  of  an  extension 
of  the  hippocampus  above  the  callosum  which  is  found  in  the 
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lowest  mammals.  See  Herrick  ('15),  Fig.  106,  h.  sc.,  and 
Johnston  ('06),  Chap.  XVIII.  These  structures  are  smaller  in 
man  than  in  the  sheep,  though  they  may  stiH  be  recognized. 
See  Cunningham  ('15),  Fig.  554,  p.  626;  Morris  ('14),  Fig.  072, 
p.  852;  Spalteholz  ('09),  Fig.  715;  Toldt  ('04),  Fig.  1198,  p.  780; 
Villiger  ('12),  Figs.  32-34,  36,  39. 

4  (3)  Tractus  olfado-corticalis  lateralis. — These  fibers  arise 
from  the  lateral  olfactory  nucleus  and  enter  the  ventro- 
lateral  end  of  the  hippocampus  in  the  uncus  region  of  the 
temporal  lobe.  They  accompany  those  of  the  lateral  olfactory 
tract. 

The  uncus  and  adjacent  parts  of  the  temporal  lobe  are  of 
transitional  type.  Forward  they  merge  into  the  lateral  ol- 
factory nucleus,  laterally  into  the  neopallium  (see  Section  112) 
through  the  gyrus  hippocampi,  and  medially  into  the  archipal- 
lium  through  the  hippocampus  (see  Section  127). 

127.  The  hippocampus  and  fornix. — When  the  relations  of 
the  olfactory  tracts  of  the  sheep  already  described  are  clearly 
in  mind,  remove  the  septum  pellucidum  and  look  into  the 
lateral  ventricle,  drawing  apart  the  corpus  callosum  and  the 
underlying  corpus  fornicis  (see  Fig.  10).  Locate  the  hippo- 
campus in  the  floor  of  the  posterior  horn  of  the  lateral  ventricle; 
also  the  fimbria  and  hippocampal  commissure  (the  latter  lying 
in  the  corpus  fornicis  and  connecting  the  hippocampi  of  the 
two  hemispheres) .  Now  cut  through  the  splenium  of  the  corpus 
callosum,  separating  the  parts  last  mentioned  from  the  overly- 
ing corpus  callosum.  Working  carefully,  continue  this  cut 
laterally  and  ventrally,  cutting  from  the  ventricular  wall 
back  into  the  lobus  hippocampi  and  general  cortex  along  the 
posterior  and  outer  border  of  the  hippocampus  for  its  entire 
length  downward  to  the  tip  of  the  gyrus  hippocampi.  Now 
beginning  in  the  gyrus  hippocampi  (into  which  the  lateral 
olfactory  tract  has  already  been  traced),  note  carefully  the 
shape  and  position  of  the  hippocampus  and  its  fiber  tract,  the 
fimbria,  as  you  pass  toward  the  midline. 

The  hippocampus  is  the  chief  part  of  the  archipallium,  or 
olfactory  cerebral  cortex.  It  is  a  buried  convolution  rolled 
into  the  lateral  ventricle  from  the  ventral  and  occipital  margins 
of  the  cortex  cerebri  along  the  fissura  hippocampi.  It  is  en- 
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1161.  Fig.  1002,  p.  1163,  Figs.  lOOt-1006,  pp.  1165-1 
Rauber-Kop^ch  VW),  Fig.  6^          -      Fig.  624.  p.  543. 

Master  now,  by  the  aid  of  text-books  and  diagrams,  the  ol- 
fact  n  and  its  connections  and  relations  as  seen  in  the 

sheep  which  is  the  same  in  plan  as  in  the  human  brain.  Review 
the  entire  dissection,  tracing  the  course  of  olfactory  impulses 
through  the  reflex  pathways  and  centers  of  the  basal  regions 
the  nose  to  the  epithalainus  and  hypothalamus  and 
the  cortical  pathways  to  the  hippocampus  and  thence  again  to 
the  epithalamus  and  hypothalamus.  This  gives  a  schematic 
picture  of  the  workings  of  the  entire  rhinencephalon.  This 
should  I v  done  before  further  work  is  undertaken  and  an  analysis 

:iese  pathways  fully  written  up. 

131.  N  o\v  out  through  the  genu  of  the  corpus  calWamn  forward 
and  downward  toward  the  olfactory  bulb,  thus  opening  up  the 
anterior  horn  of  the  lateral  ventricle,  which  in  the  sheep  is 
directly  continuous  with  the  ventricle  of  the  olfactory  bulb. 
:he  human  brain  the  ventricle  of  the  olfactory  bulb  b 
obliterated  in  the  adulO 

13-        |    -.ung  now  in  the  gyms  hippocampi  at  the  most 

:U  border  of  the  lateral  ventricle,  note  the  positions  of  the 

sfria  femtiJM/i>  (stria  or  taniia  semicirculans),  plexus  chorioideus 

ft  lateral  ventricle  and  tail  of  the  caudate  nucleus.    Follow 

the  last  three  medially  and  anteriorly,  noting  carefully  their 

relationships  to  each  other  and  to  the  hippocampus,  until  the 

anterior  end  of  the  head  of  the  caudate  nucleus  is  reached  near 

the  region  of  the  anterior  perforated  space.     The  stria  ter- 

minalis  can  be  traced  forward  into  the  anterior  commissure. 

I  terminalis  backward  into  the  temporal  lobe 

it  will  lv  -  uter  the  anterior  tip  of  the  gyrus 

o  it  ends  in  a  small  deep  cray  mass,  the 
See  Cunningham  v'lo),  Figs,  539,  563:  Herri 
and  l-Jl:  Mon-  figs,  658,  688,  691,  pfk  S       - 

respectively;  Piersol  v  references  under  Section  130; 

- 
133.  Draw  the  m  at  this  stage,  as  seen  from  aK 

the  fonn  of  the  lateral  ventricle  and  the  structures 
whkh  lonD    its   walk  kholder   (M2),  Plates   XU1 - 

\\ 
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134.  Now  pulling  carefully  so  as  to  tear  the  tissue  slightly, 
draw  away  "the  ventricular  wall  along  the  upper  border  of  the 
caudate  nucleus.     The  internal  capsule  fibers  can  now  be  seen 
passing  downward  and  backward,  lateral  to  the  caudate  nucleus. 
By  teasing  away  the  remaining  association  fibers  on  the  lateral 
side  of  the  hemisphere  the  lentiform  nucleus  (a  large  gray  mass) 
will  be  exposed  to  view  and  the  internal  capsule  fibers  will  be 
seen  passing  downward  and  posteriorly  between  the  caudate 
and  lentiform  nuclei.     By  teasing  away  the  gray  cell  masses 
of  the  lentiform  nucleus  some  of  the  fiber  bundles  can  be  seen 
passing  into  the  cerebral  peduncle  (pedunculus  cerebri).    Care 
must  be  taken  not  to  dissect  too  deeply  and  thus  injure  the 
underlying  thalamus,  which  lies  medially  of  the  posterior  part 
of  the  internal  capsule  (cf.  Burkholder  ('12),  Plate  XXII). 

135.  Retina. ,— If  microscopic  preparations  are  available,  study 
the  histological  structure  of  the  retina.     From  the  reference 
books  master  the  arrangements  of  its  neurons  and  the  course  of 
nervous  impulses  within  it.     See  Bailey  ('16),  pp.  561-565; 
Barker  ('01),  Chap.  XXXVII,  pp.  532-543;  Cunningham  ('15), 
pp.  814-818;  Herrick  ('15),  Figs.  97-99;  Howell  ('15),  Chap. 
XVIII,  pp.  336-367. 

136.  Optic  system. — In  the  sheep  dissection  remove  the  hippo- 
campus.    Identify  the  structures  on  the  lateral  surface  of  the 
thalamus  and  midbrain:  pulvinar,  lateral  and  medial  geniculate 
bodies,  superior  and  inferior  colliculi.     Follow  the  optic  tract 
from  the  chiasma  to  the  thalamic  optic  centers  (pulvinar  and 
lateral  geniculate  body),  where  the  thalamic  optic  fibers  ter- 
minate.   Trace  other  fibers  of  the  optic  tract  over  the  surface 
of  the  medial  geniculate  body  to  the  superior  colliculus  of  the 
midbrain   (optic  tectum).     This  is  the  center  for  the  optic 
reflexes  of  accommodation,  etc. 

By  teasing  away  the  gray  matter  of  the  pulvinar,  optic  pro- 
jection fibers  can  be  followed  from  the  pulvinar  to  the  occipital 
pole  of  the  cerebral  hemisphere.  The  pulvinar  and  lateral 
geniculate  body  are  the  thalamic  centers,  which,  through  their 
connections  with  the  cerebral  cortex,  provide  for  conscious 
visual  responses.  See  Bailey  ('  16) ,  Fig.  358,  p.  534 ;  Cunningham 
('15),  pp.  619,  620;  Herrick  ('15),  Chap.  XIV;  Howell  ('15), 
Chaps.  XVII-XIX  inclusive,  pp.  306-384;  Morris  ('14),  Figs. 


THE   MAMMALIAN   NERVOUS   SYSTEM  109 

655-660,  pp.  844,  845,  Fig.  670,  p.  849;  Piersol  ('13),  pp.  1223- 
1225;  Quain  ('09),  Figs.  232,  233,  pp.  228,  229,  Fig.  243,  p.  240. 

137.  Auditory  system. — The  medial  geniculate  body  of  the 
sheep  (thalamic  auditory  center)  and  the  inferior  colliculus 
(midbrain  auditory  center)  should  again  be  located  (Fig.  12), 
also  the  arm  of  the  inferior  colliculus  (brachium  quadrigeminum 
inferius),  which  is  the  auditory  path  between  the  inferior 
colliculus  and  the  medial  geniculate  body. 

Auditory  projection  fibers  pass  from  the  medial  geniculate 
body  through  the  internal  capsule  to  the  temporal  lobe  of  the 
cerebral  cortex,  but  these  cannot  well  be  separated  by  dissection 
in  the  sheep. 

138.  Dissection  of  the  pyramidal  tract. — As  the  last  step  of  the 
sheep  dissection,  by  careful  tearing  down  of  the  fibers  follow 
out  some  of  the  internal  capsule  fibers  into  the  regions  of  the 
thalamus,  midbrain,  and  medulla  oblongata.    Try  especially 
to  work  out  the  cortico-spinal  (pyramidal)  tract.    Although 
functionally  a  motor  and  therefore  a  descending  tract,  it  can 
more  easily  be  traced  from  the  oblongata  upward  to  the  higher 
centers.     It  appears  as  an  eminence  (pyramis)  on  the  ventral 
surface  of  the  oblongata  below  the  pons  near  the  midline 
(cf .  Section  95) .     Its  fibers  interdigitate  with  those  of  the  pons, 
through  which  the  cortico-spinal  tract  can  be  traced.     It  can 
then  be  followed  along  the  ventral  surface  of  the  mesencephalon 
through  the  pedunculus  cerebri  into  the  internal  capsule.    These 
fibers  arise  from  the  cortical  neurones  of  the  superior  frontal 
gyrus;  see  King  ('11)  and  Simpson  and  King  ('11). 

139.  Internal  capsule. — From   the   reference   books   master 
the  topographic  relations  of  the  functional  systems  of  fibers  in 
the  internal  capsule.     For  the  connections  of  these  tracts  in  the 
human  brain  see  the  following:  Barker  ('01),  pp.  666-746  and 
875-1048;  Cunningham  ('15),  Figs.  567-573,  pp.  638-643,  also 
account  on  p.  642;  Herrick  ('15),  Figs.  45,  79-83;  Howell  ('15), 
Fig.  82,  p.  185;  Morris  ('14),  Figs.  692-700,  pp.  880-888;  Piersol 
('13),   Figs.   1009-1012,   pp.   1170-1174;  Villiger   ('12),  Figs. 
128-136,  pp.  136-143. 

140.  The  dissection  of  the  cerebrum  of  the  sheep's  brain,  as 
outlined  hi  the  preceding  sections,  can  be  completely  carried 
out  on  one  lateral  half  of  the  brain.     The  other  half  of  the 
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specimen  can  profitably  be  used  for  a  repetition  of  the  dissection, 
or  it  may  be  cut  into  a  series  of  transverse  or  longitudinal 
slices,  in  each  of  which  some  of  the  structures  already  observed 
may  be  identified. 

Some  members  of  the  class  may  slice  this  hemisphere  in  the 
transverse  plane,  others  in  the  horizontal,  and  others  in  the 
sagittal,  and  these  specimens  may  be  compared  by  all  members. 
Compare  these  sections  with  transverse  sections  of  the  human 
brain  to  be  supplied  by  the  instructor.  Poorly  preserved  brains 
which  are  of  small  value  for  dissection  by  the  method  of  teasing 
will  give  excellent  gross  sections  for  this  study.  In  these 
sections  look  particularly  for  the  continuation  of  the  cerebral 
peduncle  into  the  internal  capsule.  Make  an  especial  study  of 
the  relations  of  the  internal  capsule  to  the  adjacent  structures, 
noting  how  the  corpus  striatum  is  made  up  of  the  lentiform 
nucleus  lying  far  laterally  and  the  caudate  nucleus  lying  medially 
and  projecting  into  the  lateral  ventricle,  while  the  internal 
capsule  appears  as  a  band  of  white  fibers  between  these  two 
centers  and  between  the  lentiform  nucleus  and  the  thalamus. 
In  transverse  and  longitudinal  sections  of  both  the  sheep  and  the 
human  brains  identify  the  chief  nuclei  of  the  thalamus  (Herrick 
('15),  Fig.  79)  and  review  the  relations  of  the  various  lemniscus 
systems  to  these  centers  (Herrick  ('15),  Figs.  77  and  78).  The 
medial  and  anterior  nuclei  of  the  thalamus  are  seen  to  be  clearly 
separate  from  the  lateral  group  of  nuclei,  including  the  lateral 
and  ventral  nuclei,  the  pulvinar  and  the  lateral  and  medial 
geniculate  bodies.  The  lateral  group  of  nuclei  constitute  the 
"neothalamus,"  or  new  thalamus  and  are  sources  of  the  thalamic 
radiations  or  sensory  projection  fibers  to  the  cortex.  The 
medial  and  anterior  nuclei  belong  to  the  old  thalamus  and 'are 
concerned  chiefly  with  intrinsic  thalamic  reflexes.  Compare 
these  structures  as  they  appear  in  the  transverse  sections  with 
their  appearance  in  the  longitudinal  dissection  of  the  left  hemi- 
sphere. Try  to  build  up  in  your  mind  a  three-dimensional 
picture  of  the  fiber  tracts  in  the  sheep's  brain,  as  you  have  seen 
them  in  dissections  and  gross  sections.  If  microscopic  sections 
through  the  thalamus  and  corpus  striatum  are  available,  they 
should  be  studied  in  this  connection  and  the  account  given  by 
Herrick  ('15),  Chap.  X,  should  be  read. 
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11.  Optional  Dissections  of  the  Cerebrum 

141.  The  association  tracts. — The  same  specimen  upon  which 
the  dissections  outlined  in  Sections  102  to  111  were  made  can  be 
used  for  the  following  dissections  of  the  cerebrum.     The  associa- 
tion tracts  can  be  dissected  out  in  great  detail,  following  the  pro- 
cedure directed  for  the  sheep  and  human  in  Sections  119  and 
120,  working  carefully  with  text-book  diagrams  and  descriptions 
of  the  chief  systems  in  mind  and  teasing  off  the  more  superficial 
systems  before  attempting  to  study  the  deeper  systems.     It 
will  be  found  that  the  stronger  and  more  easily  isolated  asso- 
ciation tracts  do  not  connect  the  projection  centers,  but  the 
association  centers.     In  view  of  the  fact  that  in  the  sheep  the 
association  centers  are  small  when  compared  with  man,  the 
greater  ease  with  which  the  human  association  tracts  can  be 
isolated  by  dissection  finds  its  obvious  explanation. 

142.  The  olfactory  apparatus. — Examine  the  human  olfactory 
bulb  and  striae  and  compare  them  with  those  of  the  sheep.    Dis- 
sect the  olfactory  tracts  in  the  way  directed  for  the  sheep  brain 
in  Sections  123  to  126;  but  do  not  continue  the  dissection  as  di- 
rected in  Section  127.    In  this  dissection  expose  the  hippocampus 
as  follows:  Lay  the  specimen  down  on  its  median  surface  and 
carefully  tease  off  the  fibers  of  the  inferior  longitudinal  fasciculus 
from  the  lateral  convex  surface  of  the  temporal  lobe  until  the 
inferior  horn  of  the  lateral  ventricle  is  opened.     The  teasing 
should  stop  at  this  point.     Now  with  a  probe  trace  the  inferior 
horn  of  the  lateral  ventricle  to  the  anterior  end  of  the  temporal 
lobe  and  follow  the  probe  with  a  scalpel  cut,  thus  opening  up  the 
inferior  horn  of  the  lateral  ventricle.     Similarly  probe  from  the 
posterior  border  of  the  incision  just  made  backward  toward  the 
occipital  pole  of  the  hemisphere  and  follow  the  probe  with  a 
scalpel  cut,  thus  opening  the  posterior  horn  of  the  ventricle  in 
the  occipital  lobe.     Now  pull  apart  the  walls  of  the  lateral 
ventricle  as  thus  opened  and  locate  the  hippocampus,  a  rounded 
eminence  in  the  floor 'of  the  inferior  horn  of  the  ventricle.     At 
the  point  where  the  inferior  and  posterior  horns  of  the  ventricle 
join,  the  hippocampus  will  be  seen  to  turn  sharply  mediulwanl. 
With  a  scalpel  follow  the  lateral  and  posterior  borders  of  the 
hippocampus  with  a  clean  cut.     This  incision  must  be  made 
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carefully,  cutting  from  the  ventricle  directly  outward  through  the 
wall  of  the  hemisphere  to  the  brain  surface,  and  must  follow 
the  border  of  the  hippocampus  closely.  It  will  curve  around 
from  the  ventral  to  the  medial  surface  of  the  hemisphere  and 
finally  pass  through  the  splenium  of  the  corpus  callosum  into 
the  septum  pellucidum.  Remove  the  septum  pellucidum  and 
review  the  form  of  the  entire  hippocampal  formation,  including 
the  gyrus  dentatus,  fimbria,  and  corpus  fornicis.  The  floor  of 
the  inferior  horn  of  the  lateral  ventricle  is  formed  in  part  by  the 
hippocampus  and  fimbria  and  in  part  by  the  membranous 
plexus  chorioideus  of  the  lateral  ventricle.  Note  that  this 
membrane  has  two  lines  of  attachment  to  the  massive  brain 
walls,  one  to  the  free  border  of  the  fimbria  (the  tcenia  fornicis) , 
and  one  to  the  brain  stem  along  the  line  of  contact  between  the 
corpus  striatum  and  thalamus  (the  tcenia  chorioidea) .  Between 
these  two  lines  the  membrane  is  folded  into  the  ventricle,  thus 
forming  the  fissura  chorioidea.  See  the  references  cited  in 
Section  130. 

Now  repeat  on  the  human  the  directions  outlined  for  the  sheep 
in  Sections  128  and  129. 

143.  Stria  terminalis. — The  human  brain,  following  the  pro- 
cedure outlined  in  Section  132,  may  be  further  dissected  as 
follows : 

Look  into  the  lateral  ventricle,  as  already  exposed,  and  locate 
the  head  of  the  caudate  nucleus  in  the  floor  of  the  lateral  ven- 
tricle above  the  anterior  commissure.  Now  trace  the  tail 
(cauda)  of  the  cauclate  nucleus  backward  into  the  inferior  horn 
of  the  lateral  ventricle  where  it  ends  in  the  vicinity  of  the  nucleus 
amygdalae.  Also  follow  the  stria  terminalis  (stria  or  tsenia 
semicircularis),  which  accompanies  the  ventral  border  of  the 
caudate  nucleus  for  its  entire  length.  Some  of  its  fibers  can 
be  seen  to  enter  the  anterior  commissure.  This  stria  is  a  cor- 
relation tract  between  the  nucleus  amygdalae  and  the  medial 
olfactory  area  of  the  same  and  the  opposite  side.  It  marks 
the  boundary  between  the  cerebral  hemisphere  and  the  thalamus. 

144.  Corpus   striatum. — Remove    the    hippocampus.     Now 
pull  upward  on  the  corpus  callosum  and  upper  wall  of  the 
lateral  ventricle  so  as  to  rip  off  the  entire  roof  of  the  ventricle, 
tearing  it  free  from  the  upper  (lateral)  border  of  the  caudate 
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nucleus.  The  lentiform  nucleus  (Herrick  '!.">  .  I  i-.  4f>)  will 
now  be  visible  on  the  lateral  aspect  of  the  specimen,  perhaps 
still  covered  supei -ficuilly  by  the  fibers  of  the  external  capsule. 

145.  Internal   capsule. — The   broken   ends   of   the   internal 
capsule  fibers  will  now  be  seen  between  the  caudate  nuclei^ 
and  the  lentiform  nucleus  of  the  corpus  striatum  and  between 
the  lentiform  nucleus  and  the  thalamus.     Examine  carefully 
the  relations  of  the  internal  capsule  to  the  three  gray  masses. 
See  the  list  of  references  at  the  end  of  Section  139. 

146.  Nucleus    anterior    thalami. — Locate    the  anterior   nu- 
cleus  of  the  thalamus   (also    called   nucleus  dorsalis)   which- 
forms  a  well-defined  eminence  at  the  anterior  end  of  the  dorsal 
aspect  of  the  thalamus  (tuherculum  anterius  thalami),  and  into 
which  the  tractus  mamillo-thalamicus  (Vicq  d'Azyr's  bun- 
has  been  traced  (Section  125  (7)) .     This  is  a  part  of  the  primitive 
thalamus  which,  so  far  as  known,  has  no  direct  cortical  con- 
nections; but  fibers  can  be  traced  by  careful  teasing  directly 
forward  into  the  head  of  the  caudate  nucleus. 

147.  Optic  connections. — Trace  the  optic  tract  from  the  optic 
chiasma  to  its  endings  in  the  colliculus  superior  (optic  tectum) 
on  the  one  hand  and  to  the  pulvinar  and  lateral  geniculate  body 
on  the  other.     The  tectum  opticum  is  a  mesencephalic  center 
for  the  unconscious  reflex  movements  of  accommodation  of  the 
eyes.     By  carefully  teasing  away  the  gray  mass  of  the  colliculus 
superior,  fibers  can  be  seen  passing  down  to  the  region  of  the 
floor  of  the  aqueduct  of  Sylvius,  where  they  effect  connection- 
with  the  nuclei  of  the  III  and  IV  nerves  and  with 'the  fasciculus 
longitudinalis  medialis.     This  fasciculus  (which  has  already  been 
dissected  out — see  Section  109)  is  a  general  correlation  tract 
for  the  eye-muscle  nerves  and  for  all  visual  reflexes.     Dissect 
the  optic  radiations  from  the  pulvinar  to  the  occipital  pole  of 
the  cerebral  hemisphere.     These  fibers  swing  outward,  then 
dorsalward  and  backward  into  the  cuneus,  passing  up  behind 
the  internal  capsule  fibers. 

148.  Auditory  connections. — The  auditory  path  lias  already 
been  traced  (Section  106)  by  way  of  the  lateral  lemniscu<  tu  it- 
thalamic  nucleus,  the  medial  jreniculate  body.     Remove  the 
optic  tract  and  pulvinar  carefully.     Then  tease  the  fibers  from 
the  medial  geniculate  body  upward  into  the  internal  capsule. 
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They  run  just  in  front  of  the  optic  radiations  and  end  in  the 
temporal  lobe  of  the  cortex. 

149.  Somesthetic  radiations. — Carefully  tease  the  lateral  and 
medial  lemniscus  fibers  from  the  midbrain  region,  into  which 
they  have  been  traced  (Sections  106  and  108),  upward  into 
the  thalamus.     Their  terminal  nuclei  comprise  the  lateral  and 
ventral  nuclei  of  the  thalamus,  lying  internally  of  the  pulvinar. 
From  these  nuclei  strands  of  fibers  can  be  torn  upward  toward 
the  cortex  into  the  internal  capsule.     These  are  the  somatic 
sensory  radiations  destined  for  the  gyrus  centralis  posterior. 

150.  Pyramidal  tract. — Next  tear  the  pyramidal  tract  upward 
from  the  midbrain  floor  along  the  cerebral  peduncle  into  the 
internal  capsule.     These  are  descending  fibers  from  the  gyrus 
centralis  anterior.    . 

151.  Brachium  conjunctivum. — Finally,  tear  the  fibers  of  the 
brachium  conjunctivum  downward  to  their  decussation  under 
the  aqueduct  of  Sylvius.     The  red  nucleus  or  nucleus  ruber 
(where  these  fibers  end  after  decussating)  will  be  seen  imme- 
diately in  front  (cephalad)  of  this  decussation,  as  a  round  gray 
mass  about  the  size  of  a  pea,  not  far  from  the  median  plane. 
Its  rubro-thalamic  tracts  can  readily  be  seen  by  teasing  for- 
ward from  the  nucleus. 

152.  Thalamic  nuclei. — Now  make  a  list  of  the  nuclei  of  the 
diencephalon  which  you  have  seen  and  tabulate  their  fiber 
connections. 

12.  Recapitulation  of  Conduction  Paths 

153.  Finally,   having  completed  the  Table  of  Conduction 
Pathways  (Section  101)  and  a  table  or  diagram  of  the  olfactory 
tracts  (Section  130),  make  a  systematic  review  of  each  functional 
system  of  tracts.     For  each  system  get  a  clear  picture  of  the 
course  of  the  nervous  impulses  involved  in  both  the  reflex  and 
the   cortical   functioning   of   that   system.     With   the   intact 
human  brain  before  you,  try  to  visualize  the  courses  of  the 
fiber  tracts  in  question  with  reference  to  the  external  landmarks. 
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rector of  the  Marine  Biological  Laboratory,  Woods  Hole,  Mass. 
i2mo  of  213  pages.  Cloth,  $1.25  net.  Second  Edition—  July,  1913 

Professor  Drew's  work  gives  the  student  a  working  knowledge  of  com- 
parative anatomy  and  leads  him  to  an  appreciation  of  the  adaptation 
of  the  animals  to  their  environments.  It  is  a  practical  work,  express- 
ing the  practical  knowledge  gained  through  experience.  The  type 
method  of  study  has  been  followed. 

Prof.  John  M.  Tyler,  Amherst  College:  "It  covers  the  ground  well> 
is  clear  and  very  compact.  The  table  of  definitions  is  excellent." 


Economic  Zoology.  By  L.  S.  DAUGHERTY,  M.  S.,  Ph.  D.,  Professor 
of  Science,  Missouri  Wesleyan  College;  and  M.  C.  DAUGHERTY. 
Part  I—  Field  and  Laboratory  Guide:  xarno  of  276  pages,  inter- 
leaved. Cloth,  $1.25  net.  Part  II  —  Principles:  i2mo  of  406 
pages,  illustrated.  Cloth,  $2.00  net.  December,  1912. 

Not  only  does  this  work  give  the  salient  facts  of  structural  zoology  and 
the  development  of  the  various  branches,  but  also  the  natural  history 
—  the  life  and  habits.  It  emphasizes  the  economic  phase  throughout. 

Prof.  V.  E.  Shelf  ord,  University  of  Chicago:  "It  has  many  merits 
and  is  the  best  book  of  the  kind  on  the  market." 
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Nutritional  Physiology.     By  PERCY  G.  STILKS,  Assistant  Pr< 

of    Physiology    at     Harvard    University.        umu   of    288   pages. 

illustrated.     Cloth,  ft.as  net.    New  (id)  i'.litian     .\<nemf>rr.  IQI$. 


l)r.  Stiles'  new  work  take-.  up  r;i.  h  or^an,  ca<  h  >c<  rction  i  OIK  rrnrd  in 
l  lie  process  of  digestion,  discussing  the  part   e;n  li  plays  in   the  phy>i«»l- 
ogy  of  nutrition—  in  the  transformation  of  energy.     In  fait,  n, 
note  of  the  book  throughout  is  "  energy"     its  source  and  its  conserva- 
tion.    The  illustrations  and  homely  similes  are  noteworthy. 

Prof.  M.  E.  Jaffa,  University  of    California:    "  The  presentation  of  the 
matter  is  excellent  and  ran  be  understood  by  all." 


The  Nervous  System  and  Its  Conservation.    By  PERCY  GOLDTHWAIT 
STILES,  Assistant  Professor  of  Physiology  at  Harvard  University. 

230  pax  AS.  illustrated      Cloth.  Si  25  net.  Kotcrirfn    11314 

Prof.  Stiles'  wonderful  faculty  of  putting  scientific  things  in  language 
within  the  grasp  of  the  non-medical  reader  is  nowhere  better  illustrated 
than  in  this  book.  He  has  a  way  of  conveying  facts  accurately  with 
ri tic-ball  precision.  This  new  book  is  really  a  physiology  and  anatomy 
of  the  nervous  system,  emphasizing  the  means  of  conserving  ncr 
energy. 


Human  Physiology.  By  PERCY  GOLDTHWAIT  STILES,  Assistant 
Professor  of  Physiology  at  Harvard  University.  iamo  of  400 
pages,  illustrated.  Cloth,  $1.50  net.  Publishct  July,  1916 

This  new  physiology  is  particularly  adapted  for  high  and  normal 
schools  and  general  colleges.  It  presents  the  accepted  facts  concisely 
with  only  a  limited  description  of  the  experiments  by  which  these  facts 
have  been  established.  It  is  written  by  a  teacher  who  has  not  lost  the 
point  of  view  of  elementary  students.  Professor  Stiles  has  a  unique 
and  forceful  way  of  writing.  He  has  the  faculty  of  making  clear,  even 
to  the  unscientific  reader,  physiologic  processes  more  or  less  difficult 
of  comprehension.  This  he  does  by  the  use  of  h 
The  illustrations  arc  as  simple  as  the  text 
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General  Bacteriology.  By  EDWIN  O.  JORDAN,  Ph.  D.,  Professor 
of  Bacteriology,  University  of  Chicago.  Octavo  of  669  pages, 
illustrated.  Cloth,  $3.25  net.  New  (jth)  Edition  -September,  1916 

This  work  treats  fully  of  the  bacteriology  of  plants,  milk  and  milk 
products,  dairying,  agriculture,  water,  food  preservation;  of  leather 
tanning,  vinegar  making,  tobacco  curing;  of  household  administration 
and  sanitary  engineering.  A  chapter  of  prime  importance  to  all  stu- 
dents of  botany,  horticulture,  and  agriculture  is  that  on  the  bacterial 
diseases  of  plants. 

Prof.  T.  J.  Burrill,  University  of  Illinois:  "I  am  using  Jordan's  Bac- 
teriology for  class  work  and  am  convinced  that  it  is  the  best  text  in 
existence." 


Bacteriologic  Technic.  By  J.  W.  H.  EYRE,  M.  D.,  Bacteriologist 
to  Guy's  Hospital,  London.  Octavo  of  525  pages,  illustrated. 
Cloth,  $3.00  net.  Second  Edition — July,  1913. 

Dr.  Eyre  gives  clearly  the  technic  for  the  bacteriologic  examination  of 
water,  sewage,  air,  soil,  milk  and  its  products,  meats,  etc.  It  is  a  work 
of  much  value  in  the  laboratory.  The  illustrations  are  practical  and 
serve  well  to  clarify  the  text.  The  book  has  been  greatly  enlarged. 
The  London  Lancet:  "  It  is  a  work  for  all  technical  students,  whether 
of  brewing,  dairying,  or  agriculture." 


Soil  Bacteriology.  By  E.  B.  FRED,  PH.  G.,  Associate  Professor  of 
Agricultural  Bacteriology,  College  of  Agriculture,  University  of 
Wisconsin.  170  pages,  illus.  Cloth,  $1.25  net.  October,  1916. 

Dr.  Fred  has  very  carefully  prepared  a  laboratory  manual  arranged 
primarily  for  students  of  soil  bacteriology,  soil  chemistry,  physics,  and 
plant  pathology.  It  is  the  outgrowth  of  many  years'  experience.  The 
instructions  he  gives  are  unusually  clear  and  definite,  being  based  on 
quantitative  results.  He  sets  down  a  series  of  practical  exercises  on  soil 
micro-organisms,  on  the  nitrogen,  carbon,  sulphur,  iron  cycles,  etc. 
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Normal  Histology  and  Organography.     By  CHARLES  HILL,  Ml' 
I2mo  of  483  pages,  337  illustration^.     HrxiMr  !<  .iilicr,  $2.25  net. 
Third  Edition—  Published  August,  1914. 

Dr.  Hill's  work  is  characterized  by  a  brevity  of  style,  yet  a  complete- 
ness of  discussion,  rarely  met  in  a  book  of  this  size.  The  entire  field 
is  covered,  beginning  with  the  preparation  of  material,  the  cell,  the 
various  tissues,  on  through  the  different  organs  and  regions,  and  end- 
ing with  fixing  and  staining  solutions. 

Dr.  E.  P.  Porterficld,  St.  Louis  University:  "  I  am  very  much  gratified 
to  find  so  handy  a  work.  It  is  so  full  and  complete  that  it  meets  all 
requirements." 


IHln 


Histology.  By  A.  t\.  I'.OHM,  M.  D.,  and  M.  VON  DAVIDOFP, 
M.  D.,  of  Munich.  Edited  by  G.  CARL  HUBKR,  M.  D.,  Professor 
of  Embryology  at  the  Wistar  Institute,  University  of  Pennsyl- 
vania. Octavo  of  528  pages,  377  illustrations.  Flexible  cloth,  $3.50 
net.  Second  Edition  —  August.  1904. 

This  work  is  conceded  to  be  the  most  complete  text-book  on  human 
histology  published.  Particularly  full  on  microscopic  technic  and 
staining,  it  is  especially  serviceable  in  the  laboratory.  Every  step  in 
technic  is  clearly  and  precisely  detailed.  It  is  a  work  you  can  depend 
upon  always. 

New  York  Medical  Journal  :  "  There  can  be  nothing  but  praise  for 

this  model  text-book  and  laboratory  guide." 

Airdy9§  Laboratory  Histology 

Laboratory  Guide  in  Histology.  By  LESLIE  B.  AREY,  M.  D.,  As- 
sociate Professor  of  Microscopic  Anatomy,  Northwestern  Univer- 
sity. Ready  August,  1917 

This  book  is  adaptable  for  use  in  any  standard  course  of  normal  his- 
tology- The  treatment  of  the  subject  throughout  is  on  an  induction 
basis,  the  student  being  led  to  reach  independent  conclusions.  The 
interjection  of  queries  relieves  the  instructor  of  tedious  quizzing. 
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Elements  of  Nutrition.  By  GRAHAM  LUSK,  Ph.  D.,  Professor  of 
Physiology,  Cornell  Medical  School.  Octavo  of  641  pages,  illus- 
trated. Cloth,  $4.50 net.  New  (jd)  Edition—Published  July,  1917. 

The  clear  and  practical  presentation  of  starvation,  regulation  of  tem- 
perature, the  influence  of  protein  food,  the  specific  dynamic  action 
of  food-stuffs,  the  influence  of  fat  and  carbohydrate  ingestion  and  of 
mechanical  work  render  the  work  unusually  valuable.  It  will  prove 
extremely  helpful  to  students  of  animal  dietetics  and  of  metabolism 
generally. 

Dr.  A.  P.  Brubaker,  Jefferson  Medical  College:  "  It  is  undoubtedly  the 
best  presentation  of  the  subject  in  English.  The  work  is  indispensable." 


Physiology.  By  WILLIAM  H.  HOWHLL,  M.  D.,  Ph.  D.,  Professor 
of  Physiology,  Johns  Hopkins  University.  Octavo  of  1020  pages, 
illustrated.  Cloth,  $4.00  net.  New  (6th)  Edition— September,  iQi6. 

Dr.  Howell's  work  on  human  physiology  has  been  aptly  termed  a 
"storehouse  of  physiologic  fact  and  scientific  theory."  You  will  at 
once  be  impressed  with  the  fact  that  you  are  in  toijch  with  an  expe- 
rienced teacher  and  investigator. 

Prof.  G.  H.  Caldwell,  University  of  North  Dakota:  ''Of  all  tne  text- 
books on  physiology  which  I  have  examined,  Hcwell's  is  the  best." 

/i  Malafcary  Hygi®im<s 

Military  Hygiene  and  Sanitation.  By  LiEUT.-CoL.  FRANK  R 
KEEFER,  Professor  of  Military  Hygiene,  United  States  Military 
Academy,  West  Point.  i2tno  of  305  pages,  illustrated.  Cloth, 
$r.5o  net.  Published  July,  1914. 

You  get  here  chapters  on  the  care  of  troops,  recruits  and  recruiting,  per- 
sonal hygiene,  physical  training,  preventable  diseases,  clothing,  equip- 
ment, water-supply,  foods  and  their  preparation,  hygiene  and  sanitation 
of  posts,  barracks,  the  troopship,  marches,  camps,  and  battlefields;  dis- 
posal of  wastes,  tropic  and  arctic  service,  venereal  diseases,  alcohol,  etc. 
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Tingaftmceinit   off    Em@rg<Binicii<BS 

The  Treatment  of  Emergencies.     By  HUBLEY  R.  OWF.W,  M.  I) 
geon   to  the  Philadelphia  General  Hospital       r^rnn  of   ;<;o  pages, 
\vitli24gillustrations.     Cloth,  $2.00  net.  June,  tot?- 

Dr.  Owen's  book  gives  you  not  only  the  actual  tcchn'n  of  the  procedures, 
but  ;ils<>  the  reason  why  a  particular  method  is  advised.  This  makes 
for  correctness.  You  get  chapters  on  fractures  of  all  kinds,  on  contu- 
sions and  wounds,  going  fully  into  symptoms,  treatments,  and  complica- 
tions. Particularly  strong  is  the  chapter  on  gunshot  wounds,  which 
gives  the  new  treatments  that  the  great  European  War  has  developed. 
You  get  the  principles  of  hemorrhage,  together  with  it>  constitutional 
and  local  treatments.  You  get  chapters  on  sprains,  strains,  di>lo<  a- 
tions,  burns  and  scalds,  etc.  The  book  is  complete;  it  is  thorough; 
it  is  practical. 


Personal  Health.    By  WILLIAM  BRADY,  M.  D.,  Elmira,  New  York. 
i2tno  of  407  pages.     Cloth,  $1.50  net       Published  September,  igi6. 

Dr.  Brady  teaches  you  how  to  take  care  of  yourself,  how  to  forestall  ill- 
ness, how  to  apply  sound,  practical  judgment  to  the  routine  of  your 
daily  life.  He  gives,  you  a  clear  idea  of  the  causes  of  ill-health  of  any 
kind.  He  prescribes  simple  treatments  when  these  are  sufficient.  He 
carefully  indicates  the  stage  at  which  professional  advice  should  be 
sought.  He  knows  what  vow  want,  for  fifteen  years'  experience  has 
taught  him. 


The  Prevention  of  Disease.  By  KINKLU  \Vi\si.i >\v.  M .  D.,  formerly 
Assistant  Professor  of  Comparative  Therapeutics,  Harvard  Uni- 
versity 348  pages,  illus.  Cloth,  $1.75  net.  November.  igi6. 

This  book  is  a  practical  guide  for  the  layman,  giving  him  briefly  the 
means  to  avoid  the  various  diseases  described.  The  chapters  on  diet, 
exercise,  tea,  coffee,  and  alcohol  are  of  special  interest,  as  are  those  on 
the  prevention  of  cancer,  colds,  constipation,  obesity,  nervous  disorders, 
tuberculosis,  infantile  paralysis,  sex  hygiene,  decayed  teeth,  tolds 
enlarged  tonsils  and  adenoid-,  and  the  iii  middle  age.  The 

work  is  a  record  of  twenty-live  years'  active  practice. 
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Pt->-sonal  Hygiene.  Edited  by  WALTER  L.  PYLE,  M.  D.,  Fellow 
of  the  American  Academy  of  Medicine.  i2mo  of  54.3  pages,  illus- 
trated. New  (7/A)  Edition  -  Published  July,  1917. 

Dr.  Pyle's  work  sets  forth  the  best  means  of  preventing  disease — the  best 
means  to  perfect  health.  It  tells  you  how  to  care  for  the  teeth,  skin, 
complexion,  and  hair.  It  takes  up  mouth  breathing,  catching  cold, 
care  of  the  vocal  cords,  care  of  the  eyes,  school  hygiene,  body  posture, 
ventilation,  house-cleaning,  etc.  There  are  chapters  on  food  adulter- 
ation (by  Dr.  Harvey  W.  Wiley),  domestic  hygiene,  and  home  gymnastics. 
Canadian  Teacher:  "Such  a  complete  and  authoritative  treatise 
should  be  in  the  hands  of  every  teacher." 


Personal  Hygiene  and  Physical  Training  for  Women  By 
ANNA  M.  GALBRAITH,  M.  D.  izmo  of  393  pages,  illustrated. 
Cloth,  $2.25  net.  New  (zd)  Edition— Published  January,  7977. 

Dr.  Galbraith's  book  meets  a  need  long  existing — a  need  for  a  simple 
manual  of  personal  hygiene  and  physical  training  for  women  along  sci- 
entific lines.  There  are  chapters  on  hair,  hands  and  feet,  dress,  devel- 
opment of  the  form,  and  the  attainment  of  good  carriage  by  dancing, 
walking,  running,  swimming,  rowing,  etc. 

Dr.  Harry  B.  Boice,  Trenton  State  Normal  School:  "It  is  intensely 
interesting  and  is  the  finest  work  of  the  kind  of  which  I  know." 


:    ©EH 

Exercise  in  Education  and  Medicine.  By  R.  TAIT  McKKNZis, 
M.  D.,  Professor  of  Physical  Education,  University  of  Pennsyl- 
vania. Octavo  of  585  pages,  with  478  illustrations.  Cloth,  $4.00 
net.  New  (2</)  Edition— Published  June,  1915. 

Chapters  of  special  value  in  college  work  are  those  on  exercise  by  the 
different  systems:  play-grounds,  physical  education  in  school,  college, 
and  university. 

D.  A.  Sargent,  M.  D.,  Hcmenway  Gymnasium:  "It  should  be  in  the 
hands  of  every  physical  educator." 
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Veterinary  Bacterinl«t\      By  KOIH.KI    K.  BIVHANAN.  I'n    \> 

•  r  of  Bacteriology,  and  CHARLKS  MURRAY.  \  .  M., 

\     .....  i     I'  -or  ..I  Veterinary  Bacteriology    I  "liege 

of  Agriculture  and  Mechanic  Arts.    Octavo  of  590  page*,  illustrated. 
Cloth,  $3.50  net.       NOD  (jd)  Edition     Published  September.  1916. 

Professor  Buchanan's  new  work  goes  minutely  into  the  consideration 
of  immunity,  opsonic  index,  reproduction,  -tcrilization,  antiseptics, 
biochemic  tests,  culture  media,  isolation  of  cultures,  the  manufacture 
of  the  various  toxins,  antitoxins,  tuberculins,  and  vaccines. 
B.  F.  Kaupp,  D.  V.  S.,  State  Agricultural  College,  Fort  Collins:  "  It  is 
the  best  in  print  on  the  subject.  What  pleases  me  most  is  that  it  con- 
tains all  the  late  results  of  research." 


Anatomy  of  Domestic  Animals.     By  SEPTIMUS  SISSON,  S.  B..  \ 
Professor  of  Comparative  Anatomy,  Ohio  State  University.   Octavo 
of  93Opages,  725  illustrations,    (loth.  $7.50  net.    New  (ad)  Edition. 
September,  1914. 

Here  is  a  work  of  the  greatest  usefulness  in  the  study  and  pursuit  <>f 
the  veterinary  sciences.  This  is  a  clear  and  concise  statement  of  the 
structure  of  the  principal  domesticated  animals — an  exhaustive  gross 
anatomy  of  the  horse,  ox,  pig,  and  dog,  including  the  splanchnology  of 
the  sheep,  presented  in  a  form  never  before  approached  for  practical 
usefulness. 

Prof.  E.  D.  Harris,  North  Dakota  Agricultural  College:  "  It  is  the  best 
of  its  kind  in  the  English  language.  It  is  quite  free  from  errors." 


Ophthalmology  for  Veterinarians.  By  WALTER  N.  SHARP,  M.  D., 
Professor  of  Ophthalmology.  Indiana  Veterinary  College,  izmo 
of  210  pages,  illustrated.  Cloth,  $2.00  net.  April,  1913. 

This  new  work  covers  a  much  neglected  but  important  field  of  \  t  h  r 
inary  practice.      Dr.  Sharp  has  presented  his  subject  in  a  concise,  crisp 
way,  so  that  you  can  pick  up  his  book  and  get  to  "  the  point "  quickly. 
He  first  gives  you  the  anatomy  of  the  eye,  then  examination,  the  various 
diseases,  including  injuries,  parasites,  errors  of  refraction. 
Dr.  George  H.  Glover,  Agricultural  Experiment  Station,  Fort  Collins: 
"  It  is  the  best  book  on  the  subject  on  the  market." 
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The  Horse  in  Health  an  I  Disease.  By  FREDERICK  B.  HADLEY, 
I).  V.  M.,  Associate  Professor  of  Veterinary  Science,  University 
of  Wisconsin.  i2mo  of  260  pages,  illustrated.  Cloth,  $1.50  net. 

Publishel  August,  iQiS. 

This  new  work  correlates  the  structure  and  function  of  each  organ  of 
the  body,  and  shows  how  the  hidden  parts  are  related  to  the  form, 
movements,  and  utility  of  the  animal.  Then,  in  another  part,  you  get 
a  concise  discussion  of  the  causes,  methods  of  prevention,  and  effects 
of  disease.  The  book  is  designed  especially  as  an  introductory  text  to 
the  study  of  veterinary  science  in  agricultural  schools  and  colleges. 


Poultry  Culture,  Sanitation,  and  Hygiene.  By  B.  F.  KAUPP,  M.  S., 
D.  V.  M.,  Poultry  Investigator  and  Pathologist,  North  Carolina 
Experiment  Station  i2mo  of  417  pages,  with  107  illustrations. 
Cloth,  $2.00  net.  Published  September.  IQI$- 

This  work  gives  you  the  breeds  and  varieties  of  poultry,  hygiene  and 
sanitation,  ventilation,  poultry-house  construction,  equipment,  ridding 
stock  of  vermin,  internal  parasites,  and  other  diseases.  You  get  the 
gross  anatomy  and  functions  of  the  digestive  organs,  food-stuffs,  com- 
pounding rations,  fattening,  dressing,  packing,  selling,  care  of  eggs, 
handling  feathers,  value  of  droppings  as  fertilizer,  caponizing,  etc.,  etc. 


»WEIffi« 

Diseases  of  Swine.  With  Particular  Reference  to  Hog-Cholera. 
By  CHARLES  F.  LYNCH,  M.  D.,  D.  V.  S.,  Terre  Haute  Veterinary 
College.  With  a  chapter  on  Castration  and  Spaying,  by  GEORGE 
R.  WHITE,  M.  D.,  D.  V.  S.,  Tennessee.  Octavo  of  741  pages, 
illustrated.  Cloth,  $5.00  net.  Published  November,  1914. 

You  get  first  some  80  pages  on  the  various  breeds  of  hogs,  with  valu- 
able points  in  judging  swine.  Then  comes  an  extremely  important 
monograph  of  over  400  pages  on  hog-cholera,  giving  the  history,  causes, 
pathology,  types,  and  treatment.  Then,  in  addition,  you  get  complete 
chapters  on  all  other  diseases  of  swine. 
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L/t»«  A'/oc*  fl»  /A«  Farm.  By  WIILLIAM  DiKTiticH,  PH.D.,  Depart- 
ment of  Agriculture,  University  of  Minnesota,  iimo  of  375  page*, 
illustrate. I.  Ready  August.  1917. 

This  work  takes  up  the  entire  question  of  the  care  of  all  kinds  of  live- 
stock— horses,  the  dairy  cow,  beef  cattle,  sheep,  swine,  poultry  of  all 
kinds.  There  is  a  large  section  on  feeding;  another  on  breeding  for 
special  uses,  castration,  tuberculin  test,  cholera  vaccination,  etc.,  etc. 
It  is  a  clear  presentation  of  economic  live  stock  raising,  based  on  sound 
scientific  principles.  You  are  told  how  to  select,  breed^  feed,  use,  and 
sr II  animals.  Scientific  feeding  is  gone  into  very  thoroughly,  and  exact 
quantities,  costs,  and  kinds  of  food  are  detailed. 


Anatomy  of  the  Fowl.  By  B.  F.  KAUPP,  M.  S.,  D.  V.  M.,  Poultry 
Investigator  and  Pathologist,  North  Carolina  Experiment  Station. 
121110  of  400  pages,  illustrated.  Ready  August,  1917. 

Here  you  get  a  systematic  text-book,  based  on  laboratory  studies.  The 
work  takes  up  osteology,  the  articulations,  the  musculature,  the  viscera, 
the  veins,  arteries  and  lymphatics,  neurology,  the  special  senses.  Then- 
is  a  chapter  on  embryology  and  on  the  methods  of  preparing  specimens. 
Professor  Kaupp's  long  experience  and  special  training  in  this  field  fit 
him  most  admirably  to  write  an  instructive  work  such  as  this  is.  It 
adequately  Tills  the  need  for  an  advanced  work  in  the  study  of  poultry 
husbandry  now  being  carried  on  so  extensively. 


Hygiene.    By  D.  II.  HKRCKY,  M.  D.,  Assistant  Professor  of  Bac- 

u-riology,   I'nivrrsity  <>!   lYnn>ylvani;i.     Octavo  of  529  pages,  illu- 
trati-d.     Cloth,  $3.00  net.  Fifth  Edition— September,  1 914. 

Dr.  Bergey  gives  first  place  to  ventilation,  water-supply,  sewage,  indus- 
trial and  school  hygiene,  etc.  His  long  experience  in  teaching  this  >ul> 
ject  has  made  him  familiar  with  teaching  needs.  He  gives  you  not  only 
the  latest  investigations  in  the  laboratory,  but  also  practical  advance- 
made  in  administration  and  application  of  sanitary  measures. 

J.  N.  Hurty,  M.  D.,  Indiana  University:  "  It  is  one  of  the  best  books 

with  which  I  am  acquainted." 


12  Saunders*  College  Text-Books 

'§  Card  oiF  Himjw®<dl 

Immediate  Care  of  the  Injured.  By  ALBERT  S.  MORROW,  M.  D., 
Adjunct  Professor  of  Surgery,  New  York  Polyclinic.  360  pages, 
242  illus  Cloth,  $2.50  net.  Second  Edition — March,  1912. 

Dr.  Morrow's  book  tells  you  just  what  to  do  in  any  emergency,  and  it 
is  illustrated  in  such  a  practical  way  taat  the  idea  is  caught  at  once. 
There  is  no  book  better  adapted  to  first-aid  class  work. 

Health:  "Here  is  a  book  that  should  find  a  place  in  every  workshop 
and  factory  and  should  be  made  a  text-book  in  our  schools." 


American  Illustrated  Medical  Dictionary.  By  W.A.NEWMAN 
DORLAND,  M.  D.,  Member  of  Committee  on  Nomenclature  and 
Classification  of  Diseases,  American  Medical  Association.  Octava 
of  1137  pages,  324  illustrations,  119  in  colors.  Flexible  leather, 
$4.50  net;  indexed,  $5.00  net.  Eighth  Edition — August,  1915. 

If  you  want  an  unabridged  medical  dictionary,  this  is  the  one  you 
want.  It  is  down  to  the  minute;  its  definitions  are  concise,  yet  accu- 
rate and  clear;  it  is  extremely  easy  to  consult;  it  defines  all  the  newest 
terms  in  medicine  and  the  allied  subjects;  it  is  profusely  illustrated. 
John  B.  Murphy,  M.  D.,  Northwestern  University:  "It  is  unquestion- 
ably the  best  lexicon  on  medical  topics  in  the  English  language,  and 
with  all  that,  it  is  so  compact  for  ready  reference." 


American  Pocket  Medical  Dictionary.  Edited  by  W.  A.  NEW- 
MAN BORLAND,  M.  D.  693  'pages.  Flexible  leather,  $1.25  net; 
thumb  index,  $1.50  net.  Ninth  Edition— Apr  it,  1915. 

A  dictionary  must  be  full  enough  to  give  the  student  the  information 
he  seeks,  clearly  and  simply,  yet  it  must  not  confuse  him  with  detail. 
The  editor  has  kept  this  in  mind  in  compiling  this  Pocket  Dictionary. 

I.  V.  S.  Stanislaus,  M.  D.,  Medico-Chirurgical  College:  "We  have 
been  strongly  recommending  this  little  book  as  being  the  very  best." 
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